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LETTER  OF  TRANSMITTAL 


Chapel  Hill,  N.  C,  April  1,  1905. 
To  His  Excellency,  Hon.  R.  B.  Glenn, 

Governor  of  North  Carolina. 

Sir — I  have  the  honor  to  submit  for  publication  as  Volume  I  of  the 
Reports  of  the  North  Carolina  Geological  Survey,  a  description  of  the 
Corundum  and  the  Peridotite  Deposits  of  Western  North  Carolina,  pre- 
pared by  Dr.  Joseph  Hyde  Pratt,  of  the  Survey,  and  Professor  Joseph 
Volney  Lewis,  formerly  of  the  Survey,  but  now  of  Rutgers  College,  New 
Jersey. 

The  Survey  has  heretofore  limited  its  publications  to  a  series  of  smaller 
preliminary  reports  in  the  form  of  Bulletins  and  Economic  Papers,  em- 
bodying the  immediate  results  of  its  investigations.  The  volume  now 
being  published  is  the  first  of  a  series  of  more  elaborate  reports  which  will 
embody,  as  far  as  practicable,  the  results  of  the  maturer  investigations 
relating  to  one  or  more  special  subjects. 

With  great  respect, 

Yours  truly, 

J.  A.  Holmes, 
State  Geologist. 
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To  His  Excellency,  Hon.  R.  B.  Glenn, 

Governor  of  North  Carolina, 

Sir — I  have  the  honor  to  submit  for  publication  as  Volume  I  of  the 
Reports  of  the  North  Carolina  Geological  Survey,  a  description  of  the 
Corundum  and  the  Peridotite  Deposits  of  Western  North  Carolina,  pre- 
pared by  Dr.  Joseph  Hyde  Pratt,  of  the  Survey,  and  Professor  Joseph 
Volney  Lewis,  formerly  of  the  Survey,  but  now  of  Rutgers  College,  New 
Jersey. 

The  Survey  has  heretofore  limited  its  publications  to  a  series  of  smaller 
preliminary  reports  in  the  form  of  Bulletins  and  Economic  Papers,  em- 
bodying the  immediate  results  of  its  investigations.  The  volume  now 
being  published  is  the  first  of  a  series  of  more  elaborate  reports  which  will 
embody,  as  far  as  practicable,  the  results  of  the  maturer  investigations 
relating  to  one  or  more  special  subjects. 

With  great  respect. 

Yours  truly, 

J.  A.  Holmes, 
State  Geologist, 
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PREFACE 


In  the  following  report  the  authors  have  endeavored  to  describe  as 
fully  as  possible  the  geology,  petrolo^ry,  aiid  mineralogy  of  the  belt  of 
corundum-bearing  rocks  in  western  Xorth  Carolina,  so  far  as  these  are 
known  at  the  present  time.  Since  the  publication  in  1896  of  Bulletin 
No.  11,  on  Corundum  and  the  Basic  Magnesian  Bocks  of  Western  Xorth 
Carolina,  the  study  of  this  region  has  been  continued  at  interv^als  during 
portions  of  each  year.  One  or  the  other  of  the  authors  has  visited  and 
examined  every  known  occurrence  of  peridotite  in  Xorth  Carolina. 
They  have  also  visited  for  comparison  many  more  or  less  similar  oc- 
currences in  oUier  eastern  States  and  a  few  localities  in  the  western 
States  and  in  Canada.  Both  the  authors  have  visited  repeatedly  and 
have  carefully  studied  all  the  more  important  corundum  localities  in 
North  Carolina  during  various  stages  of  prospecting  and  mining  work 
of  the  past  several  years.  In  the  investigation  of  corundum  and  the 
associated  minerals  as  described  in  chapters  VI,  IX,  X,  and  XII,  the 
work  has  been  conducted  mainlv  by  Dr.  Pratt;  while  the  studv  of  the 
associated  rocks  described  in  chapters  II,  III,  IV,  and  V  has  been  chiefly 
the  work  of  Professor  Lewis.  In  the  preparation  of  this  report,  how- 
ever, each  author  has  repeatedly  gone  over  the  others  work  for  the  pur- 
pose of  criticism  and  revision;  and  hence  even  the  chapters  named  are 
largely  a  joint  production,  while  other  parts  of  the  report  are  even 
more  fully  the  result  of  collaboration. 

To  only  a  limited  extent  have  the  authors  been  able  to  carry  on 
field  work  together.  This  work,  for  the  most  part,  has  been  done  at 
different  times,  each  working  independently.  Xotwithstanding  this  fact 
and  the  somewhat  diiferent  methods  employed,  each  has  been  led  to  es- 
sentially the  same  conclusions  in  the  interpretation  of  field  observation. 
Especially  is  this  true  of  the  theories  of  the  origin  and  present  relations 
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of  both  the  rocks  and  the  minerals.  A  notable  instance  is  the  explan- 
ation of  the  origin  of  the  corundum  in  association  with  basic  magnesian 
rocks.  In  this  case,  practically  the  same  conclusions  were  arrived  at 
independently  by  the  one  from  the  investigation  of  corundum  deposits 
in  the  peridotites  and  by  the  other  from  a  petrographic  study  of  the 
corundum-bearing  amphibolites  and  anorthosites. 

Special  acknowledgments  -are  due  to  the  late  Dr.  Geo.  H.  Williams  for 
assistance  and  suggestions  in  the  early  stages  of  the  field  work ;  to  Hon. 
Chas.  D.  Walcott  for  many  courtesies  extended  in  the  laboratories  and 
library  of  the  U.  S.  Geological  Survey;  to  Professors  S.  L.  Penfield  and 
L.  V.  Pirsson  for  similar  courtesies  in  their  laboratories  at  Yale  Univer- 
sity, as  well  as  for  assistance  and  suggestions  in  portions  of  the  work; 
to  Mr.  Arthur  Keith,  of  the  U.  S.  Geological  Survey,  for  assistance  and 
criticism  in  the  preparation  of  the  geological  map  of  western  Xorth 
Carolina;  to  the  late  Dr.  H.  S.  Lucas,  Messrs.  Chas.  N.  Jenks,  Geo. 
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CORUNDUM  AND  THE  PERIDOTITES  OF  WESTERN 

NORTH  CAROLINA. 

By  Joseph  Hyde  Pratt  and  J.  Volney  Lewis. 


CHAPTER  I. 

THE  CORUNDUM  BELT  OF  NORTH  CAROLINA. 

GENERAL    GEOLOGY    OF    THE    STATE. 

In  crossing  the  State  of  North  Carolina  from  the  seaeoast  to  its  west- 
ern bonndarv,  about  half  the  distance  is  traversed  through  a  region  which 
is  very  nearly  level  or  gently  undulating.  The  surface  of  this  portion, 
the  coastal  plain,  is  covered  with  sandy  and  loamy  soils,  hard  rocks  being 
almost  entirely  absent.  Immediately  west  of  this  region  is  the  Piedmont 
plateau,  whose  surface  becomes  more  and  more  hilly  westward  until  the 
mountains  of  the  Blue  Ridge  are  encountered,  and  these  and  other  moun- 
tain ridges  and  valleys  constitute  the  remaining  western  portion  of  the 
State.  In  the  Piedmont  and  mountain  regions  the  soil  is  underlain  by 
hard  granitic  and  slaty  rocks.  The  geologic  formations  of  the  eastern 
half  of  the  State  are  radicallv  different  from  those  of  the  central  and 
western  portions,  but  most  of  the  rocks  of  the  Piedmont  plateau  are  very 
similar  to  those  of  the  mountain  district;  and  hence  these  latter  divisions 
are  based  on  physiographic  rather  than  geologic  character. 

These  regions  constitute  the  three  great  physiographic  divisions  of  the 
State,  which  have  been  designated  the  coastal  plain,  the  Piedmont 
plateau,  and  the  mountain  region,  respectively,  and  their  boundaries  are 
generally  rather  sharply  defined.  The  rock  formations  of  these  contigu- 
ous regions  (PI.  I)  are  widely  separated  in  age,  those  covering  the  coastal 
plain  being  among  the  most  recent,  while  those  of  the  Piedmont  plateau 
and  mountains  are  doubtless  largely  to  be  classed  among  the  oldest  for- 
mations known.  An  exception  to  this  is  found  in  the  limited  areas  of 
Triassic  red  sandstones  and  shales. 

Tlie  coastal  plain,  as  indicated  above,  represents  the  most  recent  geo- 
logic formations,  composed  chiefly  of  unconsolidated  gravels,  sands, 
clays,  and  marls,  arranged  in  nearly  horizontal  layers,  with  the  finer 
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material,  in  general,  nearer  the  coast.  Along  its  eastern  border  this 
region  contains  sounds  and  bays,  sand  dunes  and  ridges,  swamps  and 
marshes,  and  other  features  that  are  characteristic  of  a  seashore  area. 
Farther  inland  it  is  gently  undulating  and  has  more  upland  and  less 
marsh:  and  toward  its  western  boundar}-  the  swamps  disappear  almost 
entirely,  the  upland  predominates,  and  the  surface  becomes  more  undulat- 
ing and,  in  places,  even  hilly.  The  soils  toward  the  east  are  composed  of 
fine  sand  and  silt,  but  nearer  the  western  Iwrder  they  contain  a  larger 
proportion  of  coarse  sand  and  gravel  mingled  with  clay.  This  region 
extends  from  Raleigh  eastward  to  the  coast,  and  its  western  boundary, 
roughly  defined,  runs  from  the  western  part  of  Warren  through  Franklin, 
Wake,  Chatham,  Moore,  Montgomery,  and  Anson  counties. 

Along  the  western  border  of  the  coastal  plain  occasional  outcrops  of 
hard  granites  and  slates  occur  in  the  beds  of  streams,  where  the  once 
overlving  sands  and  clays  have  been  washed  away.  In  the  southeastern 
counties  of  this  region  some  of  the  formations  contain  consolidated  lime- 
stone, which  is  exposed  at  the  surface  along  the  banks  of  streams  at  many 
localities.  This  rock  is  of  such  quality  at  some  places  that  it  can  be 
used  for  making  lime,  for  macadamizing  roads,  and  perhaps  in  some 
cases  for  building  purposes. 

The  Piedmont  plateau,  extending  westward  from  the  coastal  plain  to 
the  mountains,  is  about  125  miles  wide  and  has  an  average  elevation 
approximating  800  feet.  Crossing  this  Piedmont  plateau  obliquely  is  a 
series  of  geologic  formations  which  are,  in  their  general  trend,  parallel  to 
the  mountains  and  the  seashore.  The  most  eastern  of  these  formations  is 
a  narrow  belt  of  Triassic  sandstone  and  shales  which  has  a  maximum  width 
of  about  15  miles,  and  extends  from  Oxford,  in  Granville  County,  south- 
ward through  portions  of  Wake,  Durham,  Chatham.  !Moore,  ^Montgomery, 
Richmond,  and  Anson  counties,  and  across  the  State  line  into  South  Caro- 
lina. It  is  in  these  formations  that  the  coal  deposits  of  Chatham  and 
Moore  counties,  and  the  available  l>eds  of  red.  gray,  and  ])rown  sandstone 
have  licen  found.  Xortheast  of  this  sandstone,  and  between  it  and  the 
coastal  plain,  there  are  considerable  areas  of  granite  that  extend  across 
portions  of  Wake,  Franklin,  Warren,  Vance  and  Granville  counties.  To 
the  west  is  a  formation  of  metamorphosed  slates  and  schists  which  crosses 
through  Person,  Durham,  Orange,  Chatham,  Randolph,  Davidson,  ^lont- 
gomer}*.  Stanley,  Union,  and  Anson  counties,  and  lias  a  general  width  of 
from  20  to  40  miles.  Just  west  of  this  formation  there  is  an  area  of 
granites,  and  between  these  and  the  mountain  regions  are  gneisses,  con- 
sidered of  pre-Cambrian  age.  Xear  the  western  ])oundary  of  the  Piedmont 
plateau  is  another  Triassic  sandstone  belt,  much  more  limited  in  area  than 
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the  one  of  the  east,  which  extends  from  the  Virginia  line  across  portions 
of  Rockingham  and  Stokes  counties,  with  a  maximum  width  of  from  4  to  5 
miles. 

The  mountain  region  (PI.  II)  includes  the  Blue  Ridge,  the  Great 
Smoky  Mountains,  and  the  country  between,  which  is  occupied  by  numer- 
ous irregular  ranges,  often  separated  by  narrow  valleys  and  deep  gorges. 
The  average  elevation  of  this  region  is  about  2,700  feet  above  sea  level, 
but  the  summits  of  many  ridges  are  over  5,000  feet,  and  a  considerable 
number  of  peaks  reach  a  height  of  more  than  6,000  feet.  The  highest 
of  these  is  Mount  Mitchell,  with  an  elevation  of  6,711  feet.  Over  the 
larger  part  of  this  region  are  to  be  found  the  older  crystalline  rocks, 
largely  gneisses  and  granites,  which  are  continuous  with  those  of  the 
western  part  of  the  Piedmont  plateau,  and,  like  these,  are  considered  of 
pre-Cambrian  age.  These  rocks  are  often  greatly  folded  and  faulted 
and  extreme  metamorphism  has  frequently  obscured  or  completely  obliter- 
ated all  traces  of  their  original  character.  On  the  western  and  eastern 
borders  of  this  mountain  region,  approximately  along  the  line  of  the 
Blue  Ridge  and  Great  Smokies,  are  two  narrow  belts  of  younger  rocks 
consisting  of  limestones,  sandstones,  shales,  and  conglomerates,  and  their 
metamorphic  equivalents,  cr}'stalline  limestones,  slates,  and  quartzites. 
These  rocks  contain  no  fossils,  and  were  formerly  designated  as  the  Ocoee 
formation,  of  undetermined  age;  but  more  recently  Mr.  Arthur  Keith,  of 
the  U.  S.  Geological  Survey,  has  correlated  them  with  the  lower  Cambrian. 
In  this  region,  as  in  the  Piedmont  plateau,  the  rocks  are  decayed  to  a  con- 
siderable extent  and  thus  have  produced  deep  soils,  which  vary  in  charac- 
ter according  to  the  rocks  from  which  they  have  been  formed.  The 
soils  are  for  the  most  part  porous  and  fertile  and  support  a  luxuriant 
vegetation,  the  slopes  of  the  mountains  being  covered  in  many  places 
by  heavy  virgin  forests.  Where  the  rocks  contain  a  large  proportion  of 
feldspars  or  other  aluminous  minerals,  the  resulting  soils  are  predomi- 
nantly clayey.  Such  soils  characterize  a  large  part  of  both  the  Piedmont 
and  mountain  regions. 

GEOLOGY  OF  THE  CORUNDUM   BELT. 

C^orundum  has  been  found  in  both  the  Piedmont  and  the  mountain 
regions  but  it  is  in  the  latter  that  the  "  corundum  belt ''  proper  is  located. 
The  corundum  that  has  been  found  in  a  few  localities  of  the  Piedmont 
region  occurs  for  the  most  part  in  amphibolite  dikes  cutting  the  gneisses 
of  Alexander  and  Iredell  counties. 

The  corundum  belt  occupies  a  broad  band  of  gneisses  of  the  mountain 
region  and  extends  from  the  Georgia  line  through  Clay,  Macon,  Tran- 
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svlvania,  Jackson,  Havwood,  Buncombe,  Madison,  Yancev,  and  Mitchell 
counties.  The  larger  qnantit}-  of  the  corundum  is  associated  with  basic 
magnesian  rocks  known  as  peridotites  (see  Chapter  II),  but  smaller 
amounts  occur  in  amphibolite  dikes  and  also  in  the  gneisses  and  schists. 
The  continuation  of  these  peridotites  extends  the  belt  through  Watauga, 
Ashe,  and  Alleghany  counties  into  Virginia,  although  corundum  has  not 
been  found  in  this  portion  of  the  belt  north  of  Mitchell  County. 

The  mountain  and  Piedmont  regions  of  Xorth  Carolina  are  but  a 
portion  of  tiie  great  belt  of  crystalline  rocks  that  is  coextensive  with  the 
Appalachain  mountain  system.  On  account  of  their  complex  structure, 
and  highly  crystalline  character,  these  rocks  are  generally  considered  to 
be  of  Archean  age.  The  southern  extremity  of  this  belt  disappears 
beneath  the  younger  formations  in  central  Alabama.  The  principal 
constituent  of  this  system  is  banded  gneiss,  which  includes  many  masses 
of  granitic  and  other  distinctly  igneous  rocks,  and  which  often,  through 
higher  development  of  lamination,  passes  into  mica-schists  and  amphibole- 
schists. 

The  gneisses  have  been  usually  considered,  in  ])art,  sedimentary  rocks 
that  have  lost  their  original  characteristics  (with  the  possible  exception 
of  bedding  in  some  cases)  in  the  great  earth  movements  and  other 
metamorphosing  agencies  to  which  they  have  been  subjected.  Some  of 
them  are  undoubtedly  granites,  diorites,  and  other  igneous  rocks  that 
have  been  sheared  or  squeezed  by  the  same  agencies,  and  transitions  from 
the  massive  to  the  laminated  forms  have  often  been  observed. 

Lamination  is  often  developed  where  no  such  original  structure  existed, 
as  in  the  sheared  massive  rocks  referred  to  above.  It  is  known  that  such 
structure  produced  by  movement  in  the  mass  of  the  rock  may,  and  often 
does,  oblit43rate  whatever  original  structure  may  have  been  present;  so  that 
a  sedimentarv^  rock  thus  mechanicallv  laminated  and  at  the  same  time 
thoroughly  crystallized  would  no  longer  show  its  original  stratification. 
The  new  structural  planes  may  in  certain  cases  correspond  with  bedding, 
but  often  they  do  not;  and  it  is  frequently  impossible  even  to  distinguish 
between  gneisses  and  schists  of  igneous  origin  and  those  produced  by  the 
extreme  metamorphism  of  sedimentary  beds.  The  strikes  and  dips  ob- 
served in  this  region  are  in  all  cases  those  of  secondary  lamination  planes, 
and  have  no  reference  to  stratification  nor  to  any  particular  theory  of 
origin. 

In  some  regions  the  gneisses  ])resent  several  characters  that  point 
stron^rlv  to  a  sedinienlarv  ori^rin.  Thev  contain  limestones  in  consider- 
able  amount  at  the  forks  of  Caney  Fork  of  Tnckaseegee  l?iver,  in  Jackson 
County,  and  on  the  eastern  sloi)es  of  Onion  ^lountain  and  the  headwaters 
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of  Ellijay  Creek,  in  Macon  County.  These  limestones  are  often  more  or 
less  graphitic.  There  are  also  frequent  streaks  and  disseminated  scales 
of  graphite  in  the  mica-schists,  as  noted  in  several  localities  of  corundum- 
bearing  schists  described  in  Chapter  YIT.  These,  together  with  the 
extremely  variable  character  of  the  gneisses  in  many  regions,  and  their 
frequent  rapid  passing  into  mica-schists  and  sometimes  into  quartz- 
schists,  would  seem  to  justify  the  reference  of  a  large  part  of  the  series 
to  a  sedimentary  origin. 

The  prevailing  strike  of  the  lamination  planes  in  the  gneiss  of  western 
North  Carolina  is  about  N.  30°  E.,  and  the  prevailing  dip  is  at  a  high 
angle  toward  the  southeast.  Very  frequently  local  variations  occur, 
especially  in  the  dip,  and  often  the  prevailing  southeasterly  dip  will 
become  vertical  within  an  outcrop  covering  only  a  few  feet  and,  tipping 
over,  will  pass  into  a  northwesterly  dip.  All  stages  occur  from  these 
local  variations  in  the  dip  and  strike  to  the  most  complex  gnarled  and 
contorted  forms.  (PI.  Ill,  A  and  B).  In  general,  the  lamination  has 
suffered  most  deformation  in  the  immediate  vicinity  of  igneous  intru- 
sions and  the  forces  that  produced  the  contortions  doubtless  formed 
simultaneously  the  fissures  into  which  the  massive  rocks  were  injected. 

This  gneissic  belt  of  the  mountain  region  is,  as  was  stated  above, 
bordered  on  the  west  and  east  by  two  belts  of  partially  metamorphosed 
sedimentary  rocks  (Ocoee)  that  are  considered  by  Mr.  Arthur  Keith,  of 
the  U.  S.  Geological  Survey,  to  be  of  lower  Cambrian  age.  No  distinct 
fossils  have  been  found  in  this  formation,  and  its  structure  is  greatly 
complicated  by  the  erogenic  disturbances  in  which  this  region  has  been 
repeatedly  involved.  This  formation  consists  of  a  lower  series  of  sand- 
stones and  conglomerates  and  an  upper  series  of  shales  and  limestones, 
the  whole  lying  uncomformably  on  the  gneisses. 

The  broader  of  these  two  belts  lies  along  the  Tennessee  border  and 
extends  with  an  irregular  outline  northward  to  a  point  a  little  south  of 
Johnson  City,  Tennessee,  crossing  through  Cherokee,  Clay,  Graham, 
Swain,  Haywood  and  Madison  counties.  North  Carolina.  Another  and 
much  narrower  belt  lies  about  40  miles  east  of  this,  but  on  account  of  the 
irregular  boundaries  the  two  belts  are  in  some  places  not  more  than  25 
miles  apart.  This  narrow  belt  extends  northeastward  from  the  head- 
waters of  the  upper  French  Broad  River,  approximately  parallel  to  the 
Blue  Kidge,  crossing  through  Transylvania,  Henderson,  McDowell, 
Yancey,  Burke,  Mitchell,  Caldwell,  and  Watauga  counties. 

The  gneisses  that  lie  between  these  two  belts  are  cut  by  a  great  many 
narrow  strips  and  small  lenticular  masses  of  basic  magnesian  rocks, 
chiefly  peridotites,  which  rarely  exceed  a  mile  or  two  in  length.     As  far 
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as  has  been  observed,  these  rocks  are  nowhere  intimately  associated  with 
igneous  rocks  of  the  granitic  t^-pe.  Contortions  have  been  observed,  how- 
ever, in  the  adjacent  gneisses  similar  to  those  in  the  vicinity  of  granites, 
and  often  a  local  transition  to  mica-schist  gives  evidence  of  an  unusual 
amount  of  movement.  These  basic  magnesian  rocks  in  Xorth  Carolina 
intersect  no  formations  of  later  age  than  the  supposefUy  pre-Cambrian 
gneisses. 

The  peridotites  and  related  rocks  form  disconnected  masses  arranged  in 
a  line  or  series  of  parallel  lines  that  coincide  approximately  in  direction 
with  the  strike  of  the  gneissic  lamination.  They  almost  invariably  have 
a  sheath  of  some  schistose  mineral  developed. along  their  borders,  so  that 
there  is  rarely  an  absolute  contact  between  them  and  the  normal  gneiss. 

These  basic  magnesian  rocks  occupy  but  a  small  portion  of  the  gneissic 
belt ;  but  it  is  in  association  with  them  that  the  greater  part  of  the  corun- 
dum has  been  found,  and  hence  the  region  in  which  they  occur  i§  generally 
kno\ni  as  the  corundum  belt. 

The  map  (PI.  II)  shows  the  relation  of  the  Paleozoic  formations  to  the 
crystalline  rocks,  also  the  distribution  of  the  i)eridotites  and  pyroxenites 
and  the  verv  small  area  that  thev  occupv  in  the  crvstalline  belt.  It  has 
been  necessary,  for  the  sake  of  clearness,  to  exaggerate  in  some  cases  the 
area  I  proportions  of  these  rocks.  This  is  especially  true  of  the  talc-  and 
chlorite-schists,  which  seldom  attain  a  width  of  more  than  20  to  30  feet  in 
outcrop. 

ROCKS    OF    THE    CORUNDUM    BELT. 

The  rocks  that  are  of  most  importance  in  the  corundum  belt  are 
chiefly  peridotites,  since  it  is  in  association  with  these  that  most  of  the 
corundum  in  Xorth  Carolina  has  been  found.  Of  the  peridotites,  dunite. 
harzburgite  (saxonite),  amphibole-peridotite,  and  troctolite  have  been 
identified.  The  secondarv  and  schistose  rocks  associated  with  these  are 
chiefly  serpentine,  talc-schist,  and  chlorite-schist.  Besides  these,  there 
are  dikes  of  amphibolite  intimately  associated  with  the  peridotites  and 
more  rarely,  pyroxenite,  gabbro,  and  diorite.  The  modes  of  occurrence, 
petrography,  and  distribution  of  these  rocks  are  fully  described  in  the 
following  chapters. 

The  rocks  of  the  gneissic  belt  in  which  these  basic  magnesian  rocks 
occur  consist  chiefly  of  fine-grained,  light  gray  gneiss  composed  of  both 
orthoclase  and  plagioclase  feldspars  in  abundance,  muscovite  and  biotite  in 
variable  proportions,  and  a  smaller  amount  of  quartz.  By  a  relative 
decrease  in  the  feldspars  and  an  increase  in  the  micas,  the  rock  frequently 
passes  into  mica-schist,  in  which  both  micas  usually  occur,  though  one 
often  predominates  to   the  almost  total   exclusion   of  the  other.     The 
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PREFACE 


In  the  following  report  the  authors  have  endeavored  to  describe  as 
fully  as  possible  the  geology,  petrology,  and  mineralogy  of  the  belt  of 
corundum-bearing  rocks  in  western  Xorth  Carolina,  so  far  as  these  are 
known  at  the  present  time.  Since  the  publication  in  1896  of  Bulletin 
No.  11,  on  Corundum  and  the  Basic  Magnesian  Rocks  of  Western  North 
Carolina,  the  study  of  this  region  has  been  continued  at  intervals  during 
portions  of  each  year.  One  or  the  other  of  the  authors  has  visited  and 
examined  every  known  occurrence  of  peridotite  in  North  Carolina. 
They  have  also  visited  for  comparison  many  more  or  less  similar  oc- 
currences in  other  eastern  States  and  a  few  localities  in  the  western 
States  and  in  Canada.  Both  the  authors  have  visited  repeatedly  and 
have  carefully  studied  all  the  more  important  corundum  localities  in 
North  Carolina  during  various  stages  of  prospecting  and  mining  work 
of  the  past  several  years.  In  the  investigation  of  corundum  and  the 
associated  minerals  as  described  in  chapters  VI,  IX,  X,  and  XII,  the 
work  has  been  conducted  mainly  by  Dr.  Pratt;  while  the  study  of  the 
associated  rocks  described  in  chapters  II,  III,  IV,  and  V  has  been  chiefly 
the  work  of  Professor  I^wis.  In  the  preparation  of  this  report,  how- 
ever, each  author  has  repeatedly  gone  over  the  other^s  work  for  the  pur- 
pose of  criticism  and  revision;  and  hence  even  the  chapters  named  are 
largely  a  joint  production,  while  other  parts  of  the  report  are  even 
more  fully  the  result  of  collaboration. 

To  only  a  limited  extent  have  the  authors  been  able  to  carry  on 
field  work  together.  This  work,  for  the  most  part,  has  been  done  at 
different  times,  each  working  independently.  Notwithstanding  this  fact 
and  the  somewhat  dilTerent  methods  employed,  each  has  been  led  to  es- 
sentially the  same  conclusions  in  the  interpretation  of  field  observation. 
Especially  is  this  true  of  the  theories  of  the  origin  and  present  relations 
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of  both  the  rocks  and  the  minerals.  A  notable  instance  is  the  explan- 
ation of  the  origin  of  the  corundum  in  association  with  basic  magnesian 
rocks.  In  this  case,  practically  the  same  conclusions  were  arrived  at 
independently  by  the  one  from  the  investigation  of  corundum  deposits 
in  the  peridotites  and  by  the  other  from  a  petrographic  study  of  the 
corundum-bearing  amphibolites  and  anorthosites. 

Special  acknowledgments  -are  due  to  the  late  Dr.  Geo.  H.  Williams  for 
assistance  and  suggestions  in  the  early  stages  of  the  field  work;  to  Hon. 
Chas.  D.  Walcott  for  many  courtesies  extended  in  the  laboratories  and 
library  of  the  U.  S.  Geological  Survey ;  to  Professors  S.  L.  Penfield  and 
L.  V.  Pirsson  for  similar  courtesies  in  their  laboratories  at  Yale  Univer- 
sity, as  well  as  for  assistance  and  suggestions  in  portions  of  the  work; 
to  Mr.  Arthur  Keith,  of  the  U.  S.  Geological  Survey,  for  assistance  and 
criticism  in  the  preparation  of  the  geological  map  of  western  North 
Carolina;  to  the  late  Dr.  H.  S.  Lucas,  Messrs.  Chas.  N.  Jenks,  Geo. 
Bidwell,  W.  E.  Hidden,  and  L.  S.  Ropes  for  many  courtesies  and  valu- 
able assistance  in  the  prosecution  of  the  field  work;  and  to  Mr.  R.  Heni^ 
Scadin  for  photographic  work.  In  the  final  preparation  of  the  manu- 
script for  publication,  valuable  editorial  services  were  rendered  by  Mr. 
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CORUNDUM  AND  THE  PERIDOTITES  OF  WESTERN 

NORTH  CAROLINA. 

By  Joseph  Hyde  Pratt  and  J.  Volney  Lewis. 


CHAPTER  I. 

THE  CORUNDUM  BELT  OF  NORTH  CAROLINA. 

GENERAL    GEOLOGY    OF    THE    STATE. 

In  crossing  the  State  of  North  Carolina  from  the  seacoast  to  its  west- 
em  boimdarv,  about  half  the  distance  is  traversed  through  a  region  which 
is  very  nearly  level  or  gently  undulating.  The  surface  of  this  portion, 
the  coastal  plain,  is  covered  with  sandy  and  loamy  soils,  hard  rocks  being 
almost  entirely  absent.  Immediately  west  of  this  region  is  the  Piedmont 
plateau,  whose  surface  becomes  more  and  more  hilly  westward  until  the 
mountains  of  the  Blue  Ridge  are  encountered,  and  these  and  other  moun- 
tain ridges  and  valleys  constitute  the  remaining  western  portion  of  the 
State.  In  the  Piedmont  and  mountain  regions  the  soil  is  underlain  by 
hard  granitic  and  slaty  rocks.  The  geologic  formations  of  the  eastern 
half  of  the  State  are  radically  dilTeront  from  those  of  the  central  and 
western  portions,  but  most  of  ihv  rocks  of  the  Piedmont  plateau  are  very 
similar  to  those  of  the  mountain  district:  and  hence  these  latter  divisions 
are  based  on  physiographic  rather  than  geologic  character. 

These  regions  constitute  the  three  great  physiographic  divisions  of  the 
State,  which  have  been  designated  the  coastal  plain,  the  Piedmont 
plateau,  and  the  nioimtain  region,  respectively,  and  their  boundaries  are 
generally  rather  shar])ly  defined.  The  rock  formations  of  these  contigu- 
ous regions  (PI.  I)  are  widely  separated  in  age,  those  covering  the  coastal 
plain  being  among  the  most  recent,  while  those  of  the  Piedmont  plateau 
and  mountains  are  doubtless  largely  to  be  classed  among  the  oldest  for- 
mations known.  An  exception  to  this  is  found  in  the  limited  areas  of 
Triassic  red  sandstones  and  shales. 

The  coastal  plain,  as  indicated  above,  represents  the  most  recent  geo- 
logic formations,  composed  chiefly  of  unconsolidated  gravels,  sands, 
clays,  and  marls,  arranged  in  nearly  horizontal  layers,  with  the  finer 
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material,  in  general,  nearer  the  coast.  Along  its  eastern  border  this 
region  contains  sounds  and  bays,  sand  dunes  and  ridges,  swamps  and 
marshes,  and  other  features  that  are  characteristic  of  a  seashore  area. 
Farther  inland  it  is  gently  undulating  and  has  more  upland  and  less 
marsh;  and  toward  its  western  boundary  the  swamps  disappear  almost 
entirely,  the  upland  predominates,  and  the  surface  becomes  more  undulat- 
ing and,  in  places,  even  hilly.  The  soils  toward  the  east  are  composed  of 
fine  sand  and  silt,  but  nearer  the  western  border  they  contain  a  larger 
proportion  of  coarse  sand  and  gravel  mingled  with  clay.  This  region 
extends  from  Raleigh  eastward  to  the  coast,  and  its  western  boimdary, 
roughly  defined,  runs  from  the  western  part  of  Warren  through  Franklin, 
Wake,  Chatham,  Moore,  Montgomery,  and  Anson  counties. 

Along  the  western  border  of  the  coastal  plain  occasional  outcrops  of 
hard  granites  and  slates  occur  in  the  beds  of  streams,  where  the  once 
overlying  sands  and  clays  have  been  washed  away.  In  the  southeastern 
counties  of  this  region  some  of  the  formations  contain  consolidated  lime- 
stone, which  is  exposed  at  the  surface  along  the  banks  of  streams  at  many 
localities.  This  rock  is  of  such  quality  at  some  places  that  it  can  be 
used  for  making  lime,  for  macadamizing  roads,  and  perhaps  in  some 
cases  for  building  purposes. 

The  Piedmont  plateau,  extending  westward  from  the  coastal  plain  to 
the  mountains,  is  about  125  miles  wide  and  has  an  average  elevation 
approximating  800  feet.  Crossing  this  Piedmont  plateau  obliquely  is  a 
series  of  geologic  formations  which  are,  in  their  general  trend,  parallel  to 
the  mountains  and  the  seashore.  The  most  eastern  of  these  formations  is 
a  narrow  belt  of  Triassic  sandstone  and  shales  which  has  a  maximum  width 
of  about  15  miles,  and  extends  from  Oxford,  in  Granville  Coimty,  south- 
ward  through  portions  of  Wake,  Durham,  Chatham,  ^loore,  Montgomery, 
Richmond,  and  Anson  counties,  and  across  the  State  line  into  South  Caro- 
lina. It  is  in  these  formations  that  the  coal  deposits  of  Chatham  and 
Moore  counties,  and  the  available  beds  of  red,  gray,  and  l)rown  sandstone 
have  been  found.  Xortheast  of  this  sandstone,  and  between  it  and  the 
coastal  plain,  there  are  considerable  areas  of  granite  that  extend  across 
portions  of  Wake,  Franklin,  Warren,  Vance  and  Granville  counties.  To 
the  west  is  a  formation  of  metamorphosed  slates  and  scliists  which  crosses 
through  Person,  Durham,  Orange,  Chatliam,  Randolph,  Davidson,  Mont- 
gomery, Stanley,  Union,  and  Anson  counties,  and  has  a  general  width  of 
from  20  to  40  miles.  Just  west  of  tliis  formation  there  is  an  area  of 
granites,  and  between  these  and  the  mountain  regions  are  gneisses,  con- 
sidered of  pre-Cambrian  age.  Xear  the  western  boundary  of  the  Piedmont 
plateau  is  another  Triassic  sandstone  belt,  much  more  limited  in  area  than 
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the  one  of  the  east,  which  extends  from  the  Virginia  line  across  portions 
of  Rockingham  and  Stokes  counties,  with  a  maximum  width  of  from  4  to  5 
miles. 

The  mountain  region  (PI.  II)  includes  tlie  Blue  Ridge,  the  Great 
Smok}'  Mountains,  and  the  country  between,  which  is  occupied  by  numer- 
ous irregular  ranges,  often  separated  by  narrow  valleys  and  deep  gorges. 
The  average  elevation  of  this  region  is  about  2,700  feet  above  sea  level, 
but  the  summits  of  many  ridges  are  over  5,000  feet,  and  a  considerable 
number  of  peaks  reach  a  height  of  more  than  6,000  feet.  The  highest 
of  these  is  Mount  Mitchell,  with  an  elevation  of  6,711  feet.  Over  the 
larger  part  of  this  region  are  to  be  found  the  older  crA^stalline  rocks, 
largely  gneisses  and  granites,  which  are  continuous  with  those  of  the 
western  part  of  the  Piedmont  plateau,  and,  like  these,  are  considered  of 
pre-Cambrian  age.  These  rocks  are  often  greatly  folded  and  faulted 
and  extreme  metamorphism  has  frequently  obscured  or  completely  obliter- 
ated all  traces  of  their  original  character.  On  the  western  and  eastern 
borders  of  this  mountain  region,  approximately  along  the  line  of  the 
Blue  Ridge  and  Great  Smokies,  are  two  narrow  belts  of  younger  rocks 
consisting  of  limestones,  sandstones,  shales,  and  conglomerates,  and  their 
metamorphic  equivalents,  crystalline  limestones,  slates,  and  quartzites. 
These  rocks  contain  no  fossils,  and  were  formerly  designated  as  tlie  Ocoee 
formation,  of  undetermined  age ;  but  more  recently  Mr.  Arthur  Keith,  of 
the  U.  S.  Geological  Survey,  has  correlated  them  with  the  lower  Cambrian. 
In  this  region,  as  in  the  Piedmont  plateau,  the  rocks  are  decayed  to  a  con- 
siderable extent  and  thus  have  produced  deep  soils,  which  vary  in  charac- 
ter according  to  the  rocks  from  which  they  have  been  formed.  The 
soils  are  for  the  most  part  porous  and  fertile  and  support  a  luxuriant 
vegetation,  the  slopes  of  the  mountains  being  covered  in  many  places 
by  heavy  virgin  forests.  Where  the  rocks  contain  a  large  proportion  of 
feldspars  or  other  aluminous  minerals,  the  resulting  soils  are  predomi- 
nantly clayey.  Such  soils  characterize  a  large  part  of  ])oth  the  Piedmont 
and  mountain  regions. 

GEOLOGY  OF  THE  CORUNDUM   BELT. 

Corundum  has  been  found  in  both  the  Piedmont  and  the  mountain 
regions  but  it  is  in  the  latter  that  the  "  corundum  belt  ^'  proper  is  located. 
The  corundum  that  has  been  found  in  a  few  localities  of  the  Piedmont 
region  occurs  for  the  most  part  in  amphibolite  dikes  cutting  the  gneisses 
of  Alexander  and  Iredell  counties. 

The  corundum  belt  occupies  a  broad  band  of  gneisses  of  the  mountain 
region  and  extends  from  the  Georgia  line  through  Clay,  Macon,  Tran- 
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sylvania,  Jackson,  Haywood,  Buncombe,  Madison,  Yancey,  and  Mitchell 
oounties.  The  larger  quantity  of  the  corundum  is  associated  with  basic 
magnesian  rocks  known  as  peridotites  (see  Chapter  II),  but  smaller 
amounts  occur  in  amphibolite  dikes  and  also  in  the  gneisses  and  schists. 
The  continuation  of  these  peridotites  extends  the  belt  through  Watauga, 
Ashe,  and  Alleghany  counties  into  Virginia,  although  corundum  has  not 
been  found  in  this  portion  of  the  belt  north  of  Mitchell  Count}-. 

The  mountain  and  Piedmont  regions  of  Xorth  Carolina  are  but  a 
portion  of  the  great  belt  of  cn^talline  rocks  that  is  coextensive  with  the 
Appalachain  mountain  system.  On  account  of  their  complex  structure, 
and  highly  crystalline  character,  these  rocks  are  generally  considered  to 
be  of  Archean  age.  The  southern  extremity  of  this  belt  disappears 
beneath  the  younger  formations  in  central  Alabama.  The  principal 
constituent  of  this  system  is  banded  gneiss,  which  includes  many  masses 
of  granitic  and  other  distinctly  igneous  rocks,  and  which  often,  through 
higher  development  of  lamination,  passes  into  mica-schists  and  amphibole- 
schists. 

The  gneisses  have  been  usually  considered,  in  part,  sedimentary  rocks 
that  have  lost  their  original  characteristics  (with  the  possible  exception 
of  bedding  in  some  cases)  in  the  great  earth  movements  and  other 
metamorphosing  agencies  to  which  they  have  been  subjected.  Some  of 
them  are  undoubtedly  granites,  diorites,  and  other  igneous  rocks  that 
have  been  sheared  or  squeezed  by  the  same  agencies,  and  transitions  from 
the  massive  to  the  laminated  forms  have  often  been  observed. 

Lamination  is  often  developed  where  no  such  original  structure  existed, 
as  in  the  sheared  massive  rocks  referred  to  above.  It  is  known  that  such 
structure  produced  by  movement  in  the  mass  of  the  rock  may,  and  often 
does,  obliterate  whatever  original  structure  may  have  been  present;  so  that 
a  sedimentarv  rock  thus  mechanical Iv  laminated  and  at  the  same  time 
thoroughly  crystallized  would  no  longer  show  its  original  stratification. 
The  new  structural  planes  may  in  certain  cases  correspond  with  bedding, 
but  often  they  do  not;  and  it  is  frequently  impossible  even  to  distinguish 
between  gneisses  and  schists  of  igneous  origin  and  those  produced  by  the 
extreme  metamorphism  of  sedimentary  beds,  l^he  strikes  and  di]is  ob- 
served in  this  region  are  in  all  cases  those  of  secondary  lamination  pianos, 
and  have  no  reference  to  stratification  nor  to  any  particular  tlieory  of 
origin. 

In  some  regions  the  gneisses  present  several  characters  that  point 
stronfflv  to  a  sedimentarv  ori^rin.  Tliev  contain  limestones  in  consider- 
able  amount  at  the  forks  of  Caney  Fork  of  Tuckaseogee  Eiver,  in  Jackson 
County,  and  on  the  eastern  8lo])es  of  Onion  Mountain  and  the  headwaters 
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of  Ellijay  Creek,  in  Macon  County.  These  limestones  are  often  more  or 
less  graphitic.  There  are  also  frequent  streaks  and  disseminated  scales 
of  graphite  in  the  mica-schists,  as  noted  in  several  localities  of  corundum- 
bearing  schists  described  in  Chapter  VII.  These,  together  with  the 
extremely  variable  character  of  the  gneisses  in  many  regions,  and  their 
frequent  rapid  passing  into  mica-schists  and  sometimes  into  quartz- 
schists,  would  seem  to  justify  the  reference  of  a  large  part  of  the  series 
to  a  sedimentary  origin. 

The  prevailing  strike  of  the  lamination  planes  in  the  gneiss  of  western 
North  Carolina  is  alx)ut  N.  30°  E.,  and  the  prevailing  dip  is  at  a  high 
angle  toward  the  southeast.  Very  frequently  local  variations  occur, 
especially  in  the  dip,  and  often  the  prevailing  southeasterly  dip  will 
become  vertical  within  an  outcrop  covering  only  a  few  feet  and,  tipping 
over,  will  pass  into  a  northwesterly  dip.  All  stages  occur  from  these 
local  variations  in  the  dip  and  strike  to  the  most  complex  gnarled  and 
contorted  forms.  (PI.  Ill,  A  and  B).  In  general,  the  lamination  has 
suffered  most  deformation  in  the  immediate  vicinity  of  igneous  intru- 
sions and  the  forces  that  produced  the  contortions  doubtless  formed 
simultaneously  the  fissures  into  which  the  massive  rocks  were  injected. 

This  gneissic  belt  of  the  mountain  region  is,  as  was  stated  above, 
bordered  on  the  west  and  east  by  two  belts  of  partially  metamorphosed 
sedimentary  rocks  (Ocoee)  that  are  considered  by  Mr.  Arthur  Keith,  of 
the  U.  S.  Geological  Survey,  to  be  of  lower  Cambrian  age.  No  distinct 
fossils  have  been  found  in  this  formation,  and  its  structure  is  greatly 
complicated  by  the  orogenic  disturbances  in  which  this  region  has  been 
repeatedly  involved.  This  formation  consists  of  a  lower  series  of  sand- 
stones and  conglomerates  and  an  upper  series  of  shales  and  limestones, 
the  whole  lying  uncomformably  on  the  gneisses. 

The  broader  of  these  two  belts  lies  along  the  Tennessee  border  and 
extends  with  an  irregular  outline  northward  to  a  point  a  little  south  of 
Johnson  City,  Tennessee,  crossing  through  Clierokee,  Clay,  Graham, 
Swain,  Haywood  and  Madison  counties.  North  Carolina.  Another  and 
much  narrower  belt  lies  about  40  miles  east  of  this,  but  on  account  of  the 
irregular  boundaries  the  two  belts  are  in  some  places  not  more  than  25 
miles  apart.  This  narrow  belt  extends  northeastward  from  the  head- 
waters of  the  upper  French  Broad  River,  approximately  parallel  to  the 
Blue  Ridge,  crossing  through  Transylvania,  Henderson,  McDowell, 
Yancey,  Burke,  Mitchell,  Caldwell,  and  Watauga  counties. 

The  gneisses  that  lie  between  these  two  belts  are  cut  by  a  great  many 
narrow  strips  and  small  lenticular  masses  of  basic  magnesian  rocks, 
chiefly  peridotites,  which  rarely  exceed  a  mile  or  tvvo  in  length.     As  far 
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as  has  been  observed,  these  rocks  are  nowhere  intimately  associated  with 
igneous  rocks  of  the  granitic  type.  Contortions  have  been  observed,  how- 
ever, in  the  adjacent  gneisses  similar  to  those  in  the  vicinity  of  granites, 
and  often  a  local  transition  to  mica-schist  gives  evidence  of  an  unusual 
amount  of  movement.  These  basic  magnesian  rocks  in  Xorth  Carolina 
intersect  no  formations  of  later  age  than  the  supposedly  pre-Cambrian 
gneisses. 

The  peridotites  and  related  rocks  form  disconnected  masses  arranged  in 
a  line  or  series  of  parallel  lines  that  coincide  approximately  in  direction 
with  the  strike  of  the  gneissic  lamination.  They  almost  invariably  have 
a  sheath  of  some  schistose  mineral  developed  along  their  borders,  so  that 
there  is  rarely  an  absolute  contact  between  them  and  the  normal  gneiss. 

These  basic  magnesian  rocks  occupy  but  a  small  }K>rtion  of  the  gneissic 
belt;  but  it  is  in  association  with  them  that  the  greater  part  of  tlw  corun- 
dum has  been  found,  and  hence  the  region  in  which  they  occur  is  generally 
known  as  the  corundum  belt. 

The  map  (PI.  II)  shows  the  relation  of  the  Paleozoic  formations  to  the 
crystalline  rocks,  also  the  distribution  of  the  peridotites  and  ])yroxenites 
and  the  verv  small  area  that  thev  occupv  in  the  ervstalline  belt.  It  has 
been  necessary,  for  the  sake  of  clearness,  to  exaggerate  in  some  cases  the 
areal  proportions  of  these  rocks.  This  is  especially  true  of  the  talc-  and 
chlorite-schists,  which  seldom  attain  a  width  of  more  than  20  to  30  feet  in 
outcrop. 

ROCKS    OF    THE    CORUNDUM     BELT. 

The  rocks  that  are  of  most  import^ince  in  the  corundum  belt  are 
chiefly  peridotites,  since  it  is  in  association  with  these  that  most  of  the 
corundum  in  North  Carolina  has  been  found.  Of  the  peridotites,  dunit<?. 
harzburgite  (saxonite),  amphibole-peridotitc,  and  troctolite  have  been 
identified.  The  secondarv  and  schistose  rocks  associated  with  these  are 
chiefly  serpentine,  talc-schist,  and  chlorite-schist.  Besides  these,  there 
are  dikes  of  amphibolite  intimately  associated  with  the  peridotites  and 
more  rarely,  pyroxenite,  gabbro,  and  diorite.  The  modes  of  occurrence, 
petrography,  and  distribution  of  these  rocks  are  fully  described  in  the 
following  chapters. 

The  rocks  of  the  gneissic  belt  in  which  these  basic  magnesian  rocks 
occur  consist  chiefly  of  fine-grained,  light  gray  gneiss  composed  of  both 
orthoclase  and  plagioclase  feldspars  in  abundance,  muscovite  and  hiotito  in 
variable  proportions,  and  a  smaller  amount  of  quartz.  By  a  relative 
decrease  in  the  feldspars  and  an  increase  in  the  micas,  the  rock  frequently 
passes  into  mica-schist,  in  which  both  micas  usually  occur,  though  one 
often  predominates   to   the   almost   total   exclusion   of   the  other.     The 
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occasional  occurrence  of  considerable  quantities  of  dark-green  amphibole 
in  both  phases  of  the  rock  gives  rise  to  the  corresponding  varieties, 
amphibole-gneiss  and  am  phi  bole-schist.  In  these  rocks  the  micas  are 
either  absent  or  are  insignificant  in  amount.  In  general,  the  hornblen- 
dic  varieties  constitute  but  a  subordinate  part  of  the  gneissic  formation 
in  the  vicinity  of  the  peridotites,  but  their  greater  resistance  to  weathering 
causes  them  to  appear  frequently  in  outcrops  and  in  loose  surface  frag- 
ments, and  may  easily  lead  to  an  exaggerated  estimate  of  their  importance, 
as  was  frequently  the  case  in  the  earlier  observations  of  these  rocks. 
More  rarely  a  variety  of  mica-schist  is  encountered  in  which  quartz 
greatly  predominates,  giving  rise  to  local  developments  of  quartz-schist. 
In  several  places  the  rocks  of  the  gneissic  belt  are  themselves  found  to 
be  corundum-bearing  in  places  where  no  genetic  relationship  with  the  basic 
magnesian  rocks  can  be  observed.  Thus,  corundum  is  found  in  gneiss, 
mica-schist,  amphibole-schist,  and  quartz-schist  in  addition  to  the  basic 
magnesian  rocks.  Brief  descriptions  of  the  peculiarities  of  these  various 
modes  of  occurrence  will  be  found  in  Chapter  VII. 


CHAPTER  II. 

THE  PERIDOTITES  AND  ASSOCIATED  BASIC  MAGXESIAN 

ROCKS. 

CLASSIFICATION. 

The  association  of  peridotites,  pyroxenites,  amphibolites,  diorites,  and 
gabbros,  is  remarkably  persistent  throughout  the  length  of  the  Appalach- 
ian crystalline  belt  of  the  United  States,  and  continues  through  the  eastern 
provinces  of  Quebec  to  Newfoundland.  By  bringing  together  the  numer- 
ous isolated  observations  and  studies  that  have  been  made  in  various  parts 
of  this  vast  territory  during  the  past  two  or  three  decades,  this  association 
is  clearly  recognized. 

The  close  relationship  of  these  rocks,  both  chemically  and  geologically, 
has  been  recognized  by  all  who  have  had  occasion  to  study  them  in  any 
part  of  the  region.  It  has  remained  for  later  petrographic  studies,  how- 
ever, to  determine  their  true  character  as  igneous  intrusives  in  many 
localities;  and  it  is  now  manifest  that  all  the  points  of  resemblance  in 
composition,  modes  of  occurrence,  etc.,  are  to  be  regarded  as  but  mani- 
festations of  tlieir  genetic  unity.  .  The  rocks  are  unquestionably  of  igne- 
ous origin,  and,  in  the  light  of  present  knowledge,  are  to  be  regarded  as 
products  of  the  differentiation  of  one  original  magma  (see  Chapter  V). 

The  prevalent  type  of  this  basic  crystalline  series  in  western  North  Caro- 
lina is  peridotite;  this  is  also  true  of  these  rocks  in  Georgia,  of  large 
areas  in  Quebec,  and  of  areas  elsewhere.  The  gabbros  and  diorites  pre- 
ponderate in  Maryland  and  Delaware,  the  pyroxenites  in  Pennsylvania, 
and  so  on ;  but  the  actual  association  for  anv  considerable  area  in  one 
part  of  the  belt  is  practically  the  same  as  that  for  any  other. 

Systematic  petrographers  often  classify  the  peridotites  as  subordinate 
facies  of  gabbro ;  but  in  North  Carolina  and  in  some  other  portions  of  the 
belt  this  relation  is  reversed — the  gabbros  occur  only  in  small  masses, 
forming  insignificant  local  facies  of  the  peridotites.  Furthermore,  these 
olivine  rocks,  altliough  usually  occurring  in  comparatively  small,  dis- 
connected areas,  appear  at  short  intervals  in  the  midst  of  the  acid  gneisses 
and  crystalline  schists  throughout  a  belt  more  than  2,000  miles  long. 
These  considerations  are  regarded  as  sufficient  grounds  for  grouping  the 
peridotites  in  a  separate  family,  coordinate  in  rank  witli  the  gabbros  and 
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diorites.     For  similar  reasons,  the  same  standing  is  accorded  to   the 
pyroxenites  and  amphibolites. 

Owing  to  the  extensive  alterations  that  many  of  these  rocks  have  under- 
gone, they  naturally  group  themselves,  first  of  all,  into  primary  and 
secondary  rocks. 

PRIMARY   ROCKS. 

The  primary  rocks  are  allotriomorphic  rocks  of  granitoid  texture,  and 
may  be  classified  in  the  order  of  increasing  lime  and  alumina  and,  in 
general,  decreasing  magnesia,  as  follows : 

Peridotites. 
Dunite. 

Harzburgite  ( Saxonite ) . 
Amphibole-peridotite. 
TroctoHte  (in  part). 

Pyroxenites. 

Enstatolite  (enstatite  rock). 
Bronzitite. 
Hypersthenite. 
Websterite. 

Gabbroic  rocks. 

Troctolite  (in  part). 

Olivine-gabbro. 

Gabbro. 

Anorthosite  (in  part). 

Amphibolite.* 
Dioritic  rocks.* 

Mica-diorite. 

Diorite. 

Anorthosite  (in  part). 

PEBIDOTITE. 

The  following  members  of  the  peridotite  family,  essentially  olivine 
rocks,  have  been  recognized  in  greater  or  less  abundance  in  various  parts 
of  western  North  Carolina: 

Dunite  J  essentially  the  pure  olivine  rock,  with  accessory  chromite  or 
picotite,  is  by  far  the  most  abundant  rock  of  the  magnesian  series  in  this 
region. 

Harzburgite  (saxonite),  olivine-enstatite  rock,  forms  important  masses 
at  several  localities. 

1  Some  of  the  amphibolites  and  diorites  are  paramorphic  derivatives  of  the  corre- 
sponding pyroxene  rocks  (p.  161),  and  should,  of  course,  be  classed  as  secondary. 
There  Is  reason  to  believe  that  many.  If  not  all,  of  these  rocks  are  of  this  nature ;  but 
in  the  absence  of  positive  evidence  in  many  cases,  and  because  they  possess,  in  part,  the 
massive  granular  character  of  primary  rocks,  they  are  included  here. 
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Amphihole-peridotite,  composed  of  olivine  and  green  amphibole,  is  also 
important  at  a  few  places. 

TroctoUte  (ForeUensiein,  ossipyte)\  olivine-anorthite  rock,  occurs  as 
a  minor  facies  of  the  peridotite  in  small  areas  at  several  localities.  By 
the  introduction  of  augite  it  passes  into  olivine-gabbro. 

PTBOXENITE. 

In  1890  Dr.  George  H.  Williams  first  proposed  the  recognition  of  the 
massive  pyroxene  rocks  as  a  distinct  family,  to  be  known  as  pyroxenites* 
In  this  family  he  placed  bronzitite,  hypersthenite,  and  diallagite,  which 
had  been  previously  described,  and  proposed  the  name  websterite  for  the 
newly  discovered  member  composed  of  lx)th  orthorhombic  and  mono- 
clinic  pyroxenes.  Kosenbu^ch '  notes  that  diopsidite  and  augitite  have 
also  been  described. 

The  chief  pyroxenite  in  the  peridotite  belt  of  North  Carolina,  however, 
being  composed  essentially  of  light-gray  enstatite,  does  not  correspond  to 
any  of  the  above  types.  It  is  often  erroneously  called  anthophyllite  rock, 
and  was  first  recognized  as  a  pyroxenite  in  Bull.  No.  11  of  this  Survey, 
under  the  name  emstatite  rock.  In  the  interest  of  uniformity,  it  is  now 
proposed  to  rwast  this  term  into  the  form  enstatoUte,  with  the  obvious 
derivation  from  the  Greek  ev^rranj?  and  ^«<^"? 

The  position  of  this  rock  in  the  pyroxenite  family  is  shown  by  the 
following  table,  in  which  the  members  naturally  fall  into  three  groups, 
which  may  be  called  ortho-,  clino-,  and  binary  pyroxenites,  according 
as  orthorhombic  or  monoclinic  pyroxenes,  or  both,  are  essential  con- 
stituents of  the  rock: 

Pyroxenite  Family. 

Orthopyroxenite.  Clinopyroxenite. 
Enstatolite.  Diopsidite. 

Bronzitite.  Diallagite. 

Hypersthenite.  Augitite. 

Binary  pyroxenite. 
Websterite. 

Four  members  of  this  family  have  been  recognized  in  North  Carolina, 
as  follows: 

Enstatolite  (enstatite  rock)  is  conijmsed  essentially  and  almost  exclu- 
sively of  the  orthorhombic  pyroxene,  custatite.  Thougli  by  no  means  equal 
in  importance  to  the  peridotites  in  Xorth  Carolina,  it  is  somewhat  com- 
monly found  throughout  tlie  region  and  forms  many  masses  of  consider- 
able extent. 

2  Am.  Geologist,  VI,  1891,  pp.  35-49.  »  MIkr.  Pliys.,  3d  ed.,  1890,  p.  309. 
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Bronzitite,  composed  of  the  bronzite  variety  of  enstatite,  is  of  com- 
paratively rare  occurrence. 

Hypersthenite,  consisting  chiefly  of  the  highly  ferriferous  orthorhombic 
pyroxene,  hypersthene,  is  also  rare. 

Websterite,  containing  both  orthorhombic  and  monoclinic  pyroxenes, 
is  of  considerable  importance  at  Webster,  and  occurs  in  other  parts  of  the 
Webster  area,  but  has  not  been  recognized  elsewhere  in  North  Carolina. 

GABBBOIC  BOCKS. 

Several  facies  of  gabbroic,  or  augite-plagioclase  rocks  are  distinguish- 
able, ranging  from  troctolite  to  anorthosite,  as  follows : 

Troctolite,  as  described  above,  occurs  as  a  facies  of  olivine-gabbro  with 
little  or  no  augite,  and  forms  a  transition  to  the  peridotites. 

Olivine-gabbro  has  been  foimd  only  as  a  minor  transition  facies. 

Gabbro  has  been  recognized  with  the  peridotites  on  Buck  Creek  and 
Shooting  Creek,  altering  into  gabbro-diorite  in  a  manner  entirely  analo- 
gous to  that  observed  by  Dr.  George  H.  Williams*  in  the  Maryland  gab- 
bros.  By  the  introduction  of  olivine  it  passes  into  olivine-gabbro  and 
troctolite,  on  the  one  hand,  and  by  the  loss  of  augite,  into  anorthosite  on 
the  other. 

Anorthosite,  essentially  a  plagiocla&e  rock,  is  in  Xorth  Carolina  com- 
posed of  anorthite,  and  occurs  only  as  a  minor  facies  of  gabbro  and  diorite. 

AMPHIBOLITE. 

Amphibolite,  consisting  of  a  pale-green  to  grass-green  and  dark  green- 
ish black  amphibole  (edenite),  is  abundant  in  many  localites  in  the  south- 
west, particularly  on  Shooting  Creek  and  Buck  Creek  and  in  the  adjoin- 
ing portions  of  Georgia.  Most  of  it  is  mora  or  less  schistose  in  structure, 
and  part,  at  least,  is  secondary  after  monoclinic  pyroxenes.  It  frequently 
carries  var}4ng  amounts  of  feldspar  (anorthite),  and  by  increase  of  this 
and  decrease  of  the  amphibole,  it  passes  into  diorite  and  anorthosite. 

DIOBITIC   BOCKS. 

Diorite  occurs  chiefly  as  a  subordinate  facies  of  amphibolite,  but  not  in 
all  cases;  and  like  the  amphibolite,  is  doubtless  chiefly  secondary. 

Mica-diorite  is  composed  of  biotite,  green  amphibole,  and  plagioclase, 
and  occurs  in  a  dark,  somewhat  schistose  intrusion  with  peridotites  at  the 
Hayes  (Egypt)  mine,  in  Yancey  County. 

Diorite,  a  hornblende-plagioclase  facies  of  amphibolites,  in  many  locali- 

<  Bull.  U.  S.  Geol.  Surrey,  No.  28,  1886,  pp.  40-49. 
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ties  forms  a  transition  to  anorthosite,  though  it  sometimes  occurs  in  con- 
siderable amount. 

Anorthosite  is  similar  in  every  way  to  the  corresponding  facies  of 
gabbro,  and  if  the  diorites  are  to  be  coneidered  as  gabbro-diorites,  is 
identical  with  them. 

SECONDARY   ROCKS. 

The  secondary  rocks  are  readily  divided  into  t\^'o  groups,  according  as 
they  have  been  derived  from  the  corresponding  primary  rocks  by  anhy- 
drous or  hydrous  modes  of  alteration. 

Anhydrous: 

Gabbro-diorite. 

Amphibole-gneiss. 
Pyroxenite-amphibolite. 
Peridotite-amphibolite. 

Amphibole-schist. 

Hydrous  : 

Serpentine. 

Steatite  (soapstone). 

Talc-schist. 

Peridosteatite. 
Chloritite  (chlorite  rock). 

Chlorite-schist. 

ANnYDBOUS  GBOUP. 

The  anhydrous  secondary  rocks  are  chiefly  paramorphic  and  dynamic 
derivations  of  the  corresponding  primary  rocks.  The  exceptions  to  this 
are  the  peridotite-amphibolites,  the  production  of  which  involves  a  loss  of 
some  of  the  constituents  of  the  original  peridotite  (p.  125 ) .  The  develop- 
ment of  lamination  produces  the  corresponding  amphibole-schist. 

GabbrO'diorite. — Gabbros  in  process  of  alteration  to  diorites  by  para- 
morphism  of  the  augite  into  green  amphibole  were  found  associated  with 
peridotites  on  both  Sliooting  Creek  and  Buck  Creek,  in  Clay  County 
(pp.  71,  7G).  Just  to  what  extent  the  diorites  of  this  region  have  been 
derived  in  this  way,  it  is  impossible  at  present  to  say,  but  it  seems  highly 
probable  that  most  of  them  are  of  this  character. 

Amphibole-gneiss  (gabbro-diorite-gneiss)  is  simply  the  dynamic  deriva- 
tive of  the  gabbro-diorite,  more  or  less  lamination  having  been  produced 
by  pressure  in  the  previously  massive  rock.  Amphibole-gneisses  accom- 
pany the  peridotites  at  many  localities,  and  most  of  them,  perhaps  all,  are 
doubtless  to  be  regarded  as  laminated  gabbro-diorites. 

Pyroxenite-aiuphiboUte. — Amphibolites  are  found  at  Buck  Creek  which 
still  contain  large  remnants  of  augite  altering  into  green  amphibole. 
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showing  that  part  of  the  amphibolites,  at  least,  are  derived  from  the 
corresponding  monoclinic  pyroxene  rock  (clinopyroxenite),  although  none 
of  the  unaltered  original  rock  has  been  found.  Here,  again,  it  is  impos- 
sible to  determine  how  much  of  the  amphibolite  of  this  region  has  had 
such  an  origin ;  but  judging  from  the  imiform  characteristics  of  the  rock, 
it  seems  highly  probable  that  most  of  it  should  be  placed  in  this  class. 

Peridotite-amphiboJifc. — A  light-gray  fibrous  amphibolite  lias  been 
produced  in  considerable  quantities  in  vSome  localities  by  the  amphiboli- 
zation  of  peridotite,  or  alteration  of  peridotite  into  the  closely  related 
amphiboles,  anthophyllitc,  cummingtonite,  and  gedrite. 

Tlie  greater  part  of  the  amphibole-schist  that  occurs  in  connection  with 
the  peridotites  is  composed  of  green  amj)]iibole,  and  bears  the  same 
relation  to  the  pyroxenite-amphibolite,  described  above,  that  the  amphi- 
bole-gneiss  does  to  the  gabbro-diorite;  that  is,  the  greater  part  of  the 
amphibole-schist  of  this  region  is  doubtless  a  sheared  pyroxenite-amphi- 
bolite. 

There  is  also  an  amphibole-schist,  of  local  importance,  corresponding 
to  the  amphibole-peridotite  almve,  and  consisting  of  light-gray  fibrous 
amphibole,  often  more  or  less  altered  into  talc.  These  two  varieties 
might  be  distinguished  by  the  somewliat  cumbrous  names,  pyroxenite- 
am})hibolite-schist  and  peridotite-amphibolite-schist. 

HYnROUS  CROrP. 

The  hydrous  secondarv  rocks,  consisting  chiefly  of  the  minerals,  serpen- 
tine, talc,  and  chlorite,  are  rarely  the  pure  mineralogical  types  that  their 
names  indicate.  ^Fost  of  them  contain  more  or  less  of  all  these  minerals, 
besides  a  numl>er  of  others  of  less  importance:  but  one  usually  greatly 
preponderates  and  gives  character  to  the  rock.  They  are  the  results  of 
hydration  of  anhydrous  primary  or  secondary  rocks,  accompanied  by  more 
or  less  transference  of  materials. 

Serpentine. — Tn  North  Carolina  the  serpentine  rock  has  been  derived 
from  peridotites:  but  in  Pennsylvania  large  areas  of  similar  rocks  are  de- 
rived from  pyroxenites.  The  serpentine  usually  contains  scales  of  tale 
and  chlorite,  sometimes  in  considerable  amount,  bedsides  the  accessory 
chromite  of  the  original  rock. 

Steatiie  (sonpstone),  consisting  of  grayish  or  greenish  talc,  with  more 
or  less  chlorite,  is  derived  from  peridotites,  pyroxenites,  and  })eridotite- 
amphibolites.  Only  a  small  proportion  of  the  rock  is  massive,  the  greater 
part  of  it  being  more  properly  called  talc-schist,  which  possesses  a  dis- 
tinctly laminated  character,  and  is  sometimes  highly  fissile. 


•i 
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Peridosteatite  *  may  be  defined  as  an  olivine-talc  rock,  or  an  divine- 
steatite.  The  proportion  of  olivine  varies  greatly  and  talc  usually  pre- 
ponderates. In  some  cases  the  talc  is  manifestly  secondary  after  en- 
statite,  and  the  rock  might  be  called  a  meta-harzburgite. 

Chloritite*  (chlorite  rock)  consists  of  massive  green  felted  scales  of 
chlorite,  with  usually  some  talc,  chromite,  etc.,  and  is  derived  from  both 
peridotites  and  amphibolites.  The  massive  form  is  less  common  than 
chlorite-schist,  a  laminated  and  sometimes  highly  fissile  chlorite  rock, 
in  which  most  of  the  chlorite  (and  talc)  scales  are  approximately 
parallel  to  the  planes  of  lamination.  Like  the  massive  chloritite,  this 
is  derived  from  both  peridotites  and  amphibolites,  and  occurs  in  great 
abundance  in  many  parts  of  the  peridotite  belt. 

DISTRIBUTION    OF  THE   PERIDOTITES   AND   ASSOCIATED    ROCKS    IN 

EASTERN    NORTH    AMERICA. 

A  belt  of  peridotites  and  closely  related  basic  magnesian  rocks  traverses 
the  ancient  crystalline  gneisses  and  schists  of  eastern  North  America 
from  east-central  Alabama,  175  miles  from  the  Gulf  of  Mexico,  into  the 
Ga8p6  Peninsula,  on  the  Gulf  of  St.  Lawrence,  a  distance  of  more  than 
1,600  miles;  similar  rocks  again  appear  in  western  Newfoundland,  thus 
extending  the  distance  to  more  than  2,000  miles  (see  PI.  IV). 

Beginning  in  Tallapoosa  County,  Alabama,  where  the  gneisses  and 
crystalline  schists  emerge  from  beneath  the  Cretaceous  and  later  forma- 
tions lying  farther  south,  and  passing  northward  one  finds  that  small 
disconnected  peridotite  outcrops  occur  at  short  intervals,  forming  a 
narrow  belt  that  extends  approximately  N.  50°  E.,  passing  near  Atlanta, 
Asheville,  L}Tichburg,  Washington,  Baltimore,  and  Philadelphia,  to 
Trenton,  New  Jersey,  where  the  crystalline  rocks  again  pass  under  the 
younger  formations.  With  the  reappearance  of  the  crystallines  at  Hobo- 
ken,  New  Jersey,  and  on  Staten  Island,  the  peridotites  are  again  repre- 
sented by  large  masses  of  serpentine.  A  number  of  other  outcrops  of 
serpentine,    and    in    some   cases    unaltered    peridotites,    occur   through 

*  The  name  "  peridosteatite."  It  Is  believed,  was  first  used  by  Henry  Carvlll  Lewis, 
although  he  does  not  appear  to  have  recorded  It  In  any  of  his  published  writings.  He 
applied  the  term  to  a  talc-ollvlne  rock  that  forms  a  series  of  outcrops  from  Chestnut 
Hill  to  Bryn  Mawr,  Pennsylvania.  The  groundmass  of  the  rock  Is  talc,  massive  or 
schistose,  and  Irregular  nodules  and  crystals  of  olivine,  partially  altered  to  serpentine, 
are  scattered  through  It.  Some  of  the  olivines  are  twinned  In  such  a  way  as  to  closely 
resemble  staurollte  crosses,  and  were  formerly  regarded  as  pseudomorphs  of  serpentine 
after  staurollte. 

•  In  view  of  the  fact  that  chlorite  rock  of  a  massive  character  not  infrefjiiently  occurs, 
It  Is  proposed  that  It  be  named  chloritite,  in  conformity  with  the  well-established  terms, 
peridotite  and  pyroxenlte. 


;.    CECLOCICAL    S 
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Just  across  the  deep  ravine  one-fourth  raile  from  the  Eattlesnake  is 
the  Brockton  mine,  where  a  mass  of  fibrous  and  tufted  enstatolito  (ensta- 
tite  rock)  occurs  in  an  outcrop  about  200  by  400  feet.  A  slijrht  lamina- 
tion is  developed  in  the  direction  of  the  longer  axis,  N.  70°  E. 

The  six  places  here  designated  as  "  mines "  (Bad  Creek,  Socrates, 
Asbestus,  Sapphire,  Rattlesnake,  and  Brockton)  were  all  worked  more 
or  less  by  the  Sapphire  Corundum  Company  (now  the  Toxaway  Com- 
pany) for  corundum,  as  were  also  the  Whitewater  mine,  described  above, 
and  the  Burnt  Rock,  in  Transvlvania  County. 

Five  miles  northwest  of  Sapphire  and  one-half  mile  north  of  the 
summit  of  Sheep  Cliff  Mountain,  large  outcrops  of  dunite  occur.  A 
mile  north  of  this  and  one-fourth  mile  north  of  Double  Knob  Mountain, 
asbestos  was  found  in  a  shallow  prospect  pit. 

Within  4  miles  northeast  and  southwest  of  Glenville,  twelve  similar 
lenticular  masses  of  enstatolite,  with  smaller  proportions  of  harzburgite 
and  dunite,  were  located.  A  small  amount  of  prospecting  has  disclosed 
the  presence  of  corundum  at  a  number  of  these  places.  The  outcrops 
closely  resemble  in  all  their  characters  the  similar  masses  in  the  vicinity 
of  Sapphire.  Three  miles  north  of  Glenville,  on  the  east  slopes  of  Shoal 
Mountain,  near  the  north  end,  are  found  numerous  very  large  boulders 
of  amphibole-peridotite,  very  much  altered  at  the  surface  to  chlorite. 
Schistose  talc  and  chlorite  occur  in  a  number  of  places  on  the  East  Fork 
and  Caney  Fork  of  Tuckaseegee  River,  and  on  Cullowhee  Creek.  It  is 
quite  probable  that  some  of  these  outcrops  are  the  alteration  products 
of  peridotites  or  related  rocks.  Near  the  head  of  East  Fork  dunite  and 
enstatolite  (enstatite  rock)  occur  in  several  places  on  Wolf  Mountain, 
near  the  mouth  of  Tessentee  Creek. 

The  largest  peridotite  area  in  the  State,  and  in  many  respects  the  most 
remarkable  one  in  the  Appalachian  region,  occurs  at  Webster  (PI.  VIII). 
The  area  of  exposure  of  these  rocks  approximates  three-fourths  of  a 
square  mile,  but  it  lacks  the  compactness  of  the  Buck  Creek  area,  which 
is  next  in  size,  and  the  usual  lenticular  form  is  almost  entirely  lacking. 
The  line  of  outcrops  traces  an  almost  unbroken  ellipse,  passing  through 
Webster  at  the  southwestern  and  near  Addie  at  the  northeastern  extremity 
of  the  major  axis.  This  axis  is  6  miles  long  and  lies  about  N.  25°  E. 
The  minor  axis  is  about  3^  miles  long.  The  width  of  outcrop  varies 
from  more  than  1,600  feet  at  Webster  to  thin  belts  of  schistose  talc,  10 
feet  or  less  at  several  places.  On  the  east<»rn  side  of  the  ellipse,  along 
Cane  Creek,  the  continuity  of  the  outcrop  is  broken  in  five  places  within 
a  distance  of  a  little  more  than  a  mile.  The  four  disconnected  masses 
have  the  usual  lenticular  form. 
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Connecticut,  Rhode  Island,  and  Massachusetts,  and  again  form  a  more 
continuous  line  through  the  crystalline  belt  of  central  Vermont  and  its 
continuation  through  southeastern  Quebec,  approximately  parallel  to  the 
St.  Lawrence  River,  into  the  Gaspe  Peninsula.  Large  areas  of  serpentine 
are  also  known  in  western  Newfoundland,  and  as  these  are  doubtless  a  part 
of  the  same  series,  the  belt  of  outcrops  is  extended  to  a  length  of  over 
2,000  miles. 

In  Alabama,  Georgia,  and  North  Carolina  tlie  peridotites  are  only 
partially  altered,  and  serpentine  is  the  exception  rather  than  the  rule. 
Through  Virginia,  Maryland,  and  Pennsylvania,  however,  the  belt  is 
represented  chiefly  by  the  secondary  products,  serpentine  and  soapstone. 
Yet,  in  discussing  the  origin  of  the  Maryland  serpentines.  Dr.  George  H. 
Williams '  states  that  "  in  many  of  these  exposures  the  gradual  transition 
to  the  little-altered  olivine  rock  may  be  traced,  both  macroscopically  and 
microscopically  with  great  clearness.*' 

Chromite  is  a  constant  accompaniment  throughout  the  region,  as  an 
accessory  constituent  of  the  peridotites  and  their  alteration  products, 
and  sometimes  occurs  in  extensive  segregated  masses,  or  "  pockets,''  con- 
stituting an  important  ore.  In  Pennsylvania,  North  Carolina,  Georgia, 
and  Alabama,  corundum  is  also  frequently  associated  with  these  rocks. 

PERIDOTITES  IN  WESTEKN  NORTH  CAROLINA. 

Most  of  the  peridotites  and  related  magnesian  rocks  in  western  North 
Carolina  are  confined  to  the  belt  of  gneisses  and  schists  that  lies  chiefly 
west  of  the  Blue  Ridge,  and  are  arranged  generally  in  a  somewhat  well- 
defined  belt  or  belts  within  these  gneisses.  In  the  southwestern  counties, 
however,  the  outcrops  are  scattered  over  a  region  nearly  40  miles  wide. 
The  areas  at  Buck  Creek,  in  Clay  County,  and  Webster,  in  Jackson 
County,  cover  one-half  and  three-fourths  of  a  square  mile,  respectively, 
and  are  the  largest  continuous  outcrops  of  these  rocks  in  the  State. 

Along  the  southern  boundary  of  the  State  the  peridotites  are  grouped 
roughly  into  three  belts,  located  approximately  in  the  valleys  of  the 
Hiwassee,  the  Little  Tennessee,  and  the  Chattooga  rivers.  Toward  the 
north,  however,  these  belts  soon  lose  their  individuality,  and  northeast  of 
Corundum  Hill  the  outcrops  are  pretty  evenly  distributed  over  the  entire 
region.  North  of  Waynesville  the  peridotites  are  found  only  in  a  single 
narrow  belt,  which  crosses  the  French  Broad  River  about  8  miles  below 
Asheville,  and  extends  northeastward  by  Bumsville,  Bakersville,  Cran- 
berrv',  Boone,  Jefferson  and  Sparta,  crossing  the  North  Carolina- Virginia 

'  Bulletin  U.  S.  Geol.  Survey,  No.  28,  1886,  p.  57. 
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boundary  from  the  northeastern  corner  of  Alleghany  County,  X.  C, 
into  the  southeastern  corner  of  Gravson  Countv,  Va.  In  tlie  vicinitv  of 
Burnsville  the  outcrops  are  somewhat  more  scatt<*ring  and  tlie  belt  is 
wider  than  elsewhere  north  of  the  French  Broad  River. 

The  accompanying  map  of  western  North  Carolina  (PI.  11)  shows  the 
distribution  of  the  peridotites  and  related  rocks  with  as  much  detail  as 
is  practicable.  It  should  be  borne  in  mind,  however,  that  a  great 
majority  of  the  outcrops  are  <?itluT  narrow  strij)s  or  small  oval  and 
lenticular  masses,  rarely  exceeding  300  or  400  feet  in  width,  and  fre- 
quently much  narrower.  In  most  cases,  therefore,  it  has  be(*n  necessary 
to  exaggerate  these  dimensions  on  the  map  for  the  sake  of  distinctness. 
Only  a  few  of  the  largest  outcrops,  such  as  those  at  Webster  and  Buck 
Creek,  could  be  represented  true  to  scale. 

Following  is  a  somewhat  detailed  description  of  the  distri])ution  of 
these  rocks,  by  counties,  beginning  with  Clay  County  in  the  extreme 
southwest.  More  detailed  petrographic  descriptions  of  the  principal 
occurrences  are  given  in  Chapter  III. 

PKRIDOTITES    IX    CLAY    COUNTY. 

Peridotites  are  found  only  in  the  eastern  portion  of  Clay  County,  on 
the  waters  of  Shooting  Creek,  a  tributary  of  Hiwassee  River,  and  of  Buck 
Creek,  a  tributary  of  the  Xantahala. 

Lying  eliiefly  south  of  Shooting  Creek,  3  miles  above  its  mouth,  are 
two  lenticular  masses  of  dunite,  including  irregular  areas  of  troctolite 
and  often  accompanied  by  dikes  of  amphibolite  (see  fig.  1).  The  larger 
mass  has  a  maximum  width  of  one- fourth  of  a  mile,  and  the  narrow 
northern  extension  of  it  lies  north  of  the  creek,  ending  at  the  Behr 
corundum  mine,  near  Elf  post-ofTice.  Near  W.  C.  licdford's  the  outcrops 
over  a  large  arra  are  typical  troctolite,  weathering  with  the  peculiar 
knotty  appearance  due  to  the  greater  resistance  of  the  feldspars  with 
their  enclosing  sheaths.  A  light-colored  coarse-grained  diorite,  about  15 
feet  thick,  was  encountered  near  the  northwest  side  of  the  peridotitc  in  a 
tunnel  across  the  gneiss-peridot ite  contact.  Very  near  Elf,  to  the  west, 
a  narrow  dike  of  grass-green  amphibolite,  bearing  pink  corundum,  out- 
crops in  the  dunite  near  its  eastern  boundary.  Tl  extends  southwestward 
through  varying  feldspathic  facies,  a  distance  of  one-half  mile,  cutting 
the  gneisses  the  greater  part  of  this  distance;  and  is  probably  continuous 
with  a  similar  amphibolite  in  the  peridotite  south  of  the  creek.  Am- 
phibolite with  diorite  and  gabbro-diorite  facies  skirts  along  the  western 
boundary  also,  as  shown  on  the  map.  At  the  western  border  of  the 
dnnit<»,  on  the  road  at  Elf,  the  outcrop  shows  interlami nation  of  gneiss 


PERID0TITE8  AND   ASSOCIATED   BASIC    MAUNEalAN    nOCKS.  3t 

and  dunite  as  follows:  (1)  gneiss  wpst  of  the  dnnite;  (2)  dunite  2  feet 
thick;  (3)  gneiss  4  feet  thick;,  (4)  dunite,  main  mass.  The  lamina- 
tion of  the  gneiss  strikes  X",  '>()"  E.  and  dips  northwest  at  an  angle  of  riO". 
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Outcrops  of  talc-schist  at  intervals  for  mu'  and  one-half  miles  north- 
ward, to  the  headwater;;  of  Lick  Txig  Ilrnnch,  lie  in  direct  line  with  the 
axis  of  this  dimitc  area,,  and  prohahly  represent  a  continuation  of  it. 

The  smaller  mass,  as  shown  on  the  accompanying  map  (fig,  1),  lies 
just  southeast  of  the  larger  one,  and  at  one  point  is  only  abont  400  feet 
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distant  from  it.  It  is  approximately  one  and  one-half  miles  long  and 
has  a  maximum  width  of  about  one-eighth  mile.  Near  the  middle  of  its 
eastern  border,  and  also  near  its  wastem  boundary,  the  dunite  is  accom- 
panied by  considerable  amphibolite.  Troctolite  also  occurs  on  the  east, 
in  part  interlaminated  with  the  dunite. 

Corundum  occurs  in  various  associations  throughout  almost  the  whole 
extent  of  these  peridotite  areas,  having  been  found  in  numerous  mining 
and  prospecting  operations  in  the  region  shown  on  the  map  forming  fig.  1. 

Five  miles  east  of  Elf  and  one-half  mile  beyond  Shooting  Creek  post- 
office,  a  narrow  strip  of  dunite  outcrops  in  several  places  in  a  line  about 
IJ  miles  long,  extending  southward  across  Giesky  Creek.  Corundum 
cr}'stals,  weathered  out,  are  found  in  the  fields.  This  line  of  outcrops 
is  continued  disconnectedly  in  a  southwest  direction  across  the  Shooting 
Creek  Mountains  and  down  Bell  Creek  to  within  1^  miles  of  Hiwassee, 
Georgia. 

Two  miles  northeast  dunite  again  appears  in  the  same  line,  at  the  toot 
of  Chunky  Gal  Mountain,  associated  with  considerable  talc-schist,  am- 
phibolite, and  troctolite.  Dunite  outcrops  occur  at  intervals  for  a 
distance  of  3  miles  across  the  mountain,  extending  to  within  a  mile  of 
the  great  area  on  Buck  Creek,  and  bearing  more  or  less  corundum 
throughout.  On  both  the  east  and  west  slopes  of  Chunky  Gal  Mountain 
the  peridotites  are  frequently  accompanied  by  a  few  feet  of  anorthosite 
along  the  borders  next  to  the  gneiss.  This  sometimes  passes  into 
dioritic  facies  and  amphibolite,  and  often  bears  small  amounts  of  corun- 
dum. 

On  Thumping  Creek,  1  mile  from  its  mouth,  and  3  miles  east  of 
Shooting  Creek  post-office,  two  dikes  of  dark-green,  fine-grained  hyper- 
sthenite  occur,  about  500  feet  apart,  accompanied  by  corundum. 

The  largest  compact  area  of  peridotites  found  in  the  State  is  on  Buck 
Creek  (PI.  V).  Tlie  area  at  Webster,  Jackson  County  (PI.  VIII),  is 
larger,  but  is  greatly  extended.  The  principal  rock  of  the  Buck  Creek 
area  is  dunite,  though  large  masses  of  amphibole-peridotite  occur,  smaller 
masses  of  troctolite,  and  many  long,  narrow  dikes  of  amphibolite.  The 
distribution  of  those  rocks  and  their  relation  to  one  another  and  t^e 
inclosing  gneisses  arc  shown  in  some  detail  on  the  map  (PI.  Y).  Tlie 
area  of  the  peridotite  outcrop  is  approximately  one-half  a  square  mile. 

l»ERn)OTITES   IN'    MACON    COUNTY. 

With  the  exception  of  two  or  throe  small  masses,  the  peridotites  of 
Macon  County,  so  far  as  observed,  occur  in  a  belt  about  o  miles  wide  that 
crosses  the  county  in  a  northeasterly  direction  about  5  miles  southeast 


PERIDOTITES   AND   ASSOCIATED   BASIC    MAGNESIAN   ROCKS.  39 

of  Franklin.  The  masses  excepted  are:  (1)  An  area  IJ  miles  northwest 
of  Franklin,  where  fresh  dnnite  was  encountered  in  digging  a  well  at 
William  Blaine's,  an  extension  of  the  rock  for  about  one- fourth  mile 
westward  being  indicated  by  soapstone  outcrops,  which  are  undoubtedly 
derived  from  it;  (2)  an  area  12  miles  southeast  of  Franklin,  just  south 
of  the  summit  of  Mount  Scalv,  at  an  elevation  of  over  4,000  feet,  where 
corundum  is  found  with  schistose  and  fibrous  radiating  talc  and  the 
ocherous  decomposition  products  of  dunite.  The  decomposed  materials 
accompanyin<r  the  emery  deposits  of  Dobson  and  Fairview  mountains, 
6  miles  southwest  of  Franklin,  are  thought  to  be  probably  peridotites. 

All  other  occurrences  noted  in  the  countv  have  been  found  on  the 
upper  waters  of  Little  Tennessee  River,  and  on  Ellijay  and  Walnut 
creeks,  tributaries  of  Cullasagee  River,  which  unites  with  the  Little 
Tennessee  at  Franklin. 

Just  south  of  the  State  line,  in  Rabun  County,  Georgia,  several  perido- 
tite  outcrops  were  observed.  One  mile  south  of  the  line  and  2  miles  west 
of  the  river  are  two  blunt,  lens-shaped  masses,  one  of  dunite,  measuring 
about  1,000  feet  by  250  feet,  and  another  near  by  consisting  chiefly  of 
enstatolite  (enstatite  rock)  about  50  feet  by  125  feet.  The  latter  is 
largely  altered  to  soapstone,  and  prospecting  has  disclosed  the  presence 
of  corundum  in  the  bordering  chlorites.  Another  dunite  mass  was 
observed  in  the  road  a  few  rods  south  of  the  State  line.  The  outcrop 
is  distinctly  wedge-shaped,  being  30  feet  wide  on  the  east  side  of  the 
road  and  onlv  15  feet  on  the  west  side.  It  is  bordered  bv  6  to  10  inchc:? 
of  fibrous  radiatin<r  talc  and,  outside  of  this,  bv  a  few  inches  of  schistose 
chlorite  and  vermiculite,  all  inclosed  within  the  lamination  of  the  mica- 
scliist  of  the  countrv. 

Within  the  next  9  miles  north  of  the  State  line,  down  the  river,  twelve 
outcrops  were  located.  Three-fourths  mile  west  of  the  road,  and  the 
same  distance  north  of  the  State  line,  up  Commissioner  Creek,  dunite 
containin^r  needles  of  colorless  amphibole  and  octahedrons  of  chromite 
forms  vortical  olilTs  about  100  feet  high.  On  Mulberry  Creek,  one-fourth 
mile  wej^t  of  the  road  and  1]  miles  north  of  the  State  line,  are  two  out- 
cro[)s  of  soapstone,  supposed  to  represent  altered  peridotite  or  pyrox- 
enite.  One-half  mile  further  north  and  less  than  one-fourth  mile  west 
of  the  road,  is  an  outcrop  of  dunite  about  50  by  300  feet.  The  surface 
exposure  is  largely  altered  to  talc,  and  fragments  of  the  same  material 
are  ro]K">rted  to  ho  found  over  the  surface  for  more  than  one-fourth  mile 
north  and  south  of  this  place.  One  and  a  half  miles  northeast  of  this 
and  one-half  mile  west  of  the  road  is  a  lenticular  mass  of  dunite  in  every 
wav  similar  to  the  last,  with  dimensions  of  about  40  bv  150  feet,  the 
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longer  axis  lying  X.  20"  E.  Very  little  normal  dunite  is  seen  at  the 
surface,  the  outcrops  being  chiefly  talc.  This  locality  is  about  1  mile 
southwest  of  Otto  (Smith's  bridge). 

About  one-half  mile  north  of  Otto,  west  of  the  river,  an  outcrop  of 
dunite  50  to  60  feet  wide  occurs  in  the  road,  just  opposite  the  mouth  of 
Tessentee  Creek.  It  is  enclosed  in  the  lamination  of  biotite-gueiss  and 
crumpled  mica-schist,  which  strike  X.  40°  E.  and  dip  northwest  at  an 
angle  of  60°.  Just  south  of  Tessentee  Creek  and  one-half  mile  north  of 
Otto  is  a  dunite  outcrop  about  100  feet  wide;  and  one-half  mile  east  of 
this,  up  the  creek,  is  a  soapstone  outcrop  that  probably  represents  an 
altered  peridotite  or  pyroxenite.  Three  and  one-half  miles  northwest  of 
Otto,  on  the  North  Fork  of  Coweta  Creek,  is  another  outcrop  of  soapstone 
associated  with  chlorite.  One  mile  northeast  of  this,  across  the  mountain 
spur,  on  the  headwaters  of  Skenah  Creek,  similar  outcrops  of  talc  and 
chlorite  are  found,  and  scattered  fragments  are  said  to  occur  over  the 
surface  of  the  intervening  region.  One  mile  east  of  this,  on  the  moun- 
tain spur,  is  the  south  end  of  a  peridotite  outcrop  that  extends  N.  40°  E., 
for  a  distance  of  2  miles,  to  the  road  near  the  mouth  of  Skenah  Creek. 
It  has  a  maximum  width  of  about  500  feet,  and  the  outcrops  are  chiefly 
talc  with  more  or  less  chlorite,  ledges  of  dunite  occurring  only  near  the 
middle. 

Xear  the  middle  of  the  peridotite  area  last  described,  in  the  road  at 
R.  W.  Bates',  is  an  exposure  in  which  the  contact  between  the  gneiss  and 
the  peridotite  is  distinctly  seen.  It  is  remarkable  from  the  fact  that 
the  lamination  developed  here  in  the  dunite  makes  an  angle  of  20°  to 
25°  with  that  of  the  inclosing  gneiss.  The  dunite  strikes  X.  55°-60°  E., 
the  gneiss  X.  80°  E.     This  locality  is  6  miles  south  of  Franklin. 

About  half  a  mile  east  of  the  river,  just  opposite  the  mouth  of  Skenah 
Creek,  outcrops  and  numerous  scattering  fragments  of  talc  and  chlorite 
probably  represent  altered  peridotite  or  pyroxenite.  Two  and  a  half 
miles  east  of  the  river,  near  the  summit  of  the  western  spur  of  Fish 
Hawk  Mountain,  at  the  head  of  Hickorv  Knoll  Creek,  a  mass  of  dunite 
about  100  feet  wide  occurs  in  gneisses  whose  lamination  strikes  about 
X.  20°  E.  and  stands  vertically.  Kounded  blocks  of  the  dunite  are 
inclosed  in  radiating  talc  (PI.  XIV,  A).  Sometimes  only  a  small  mass 
of  dunite  remains  in  the  middle,  and  in  some  nodules  the  radiating 
mineral  extends  entirely  to  the  center,  the  nodules  containing  no  dunite 
whatever.  The  surface  of  the  dunite  has  weatherd  to  a  red,  clav-like 
material,  and  similar  oclierous  material  has  replaced  the  dunite  of  many 
of  the  talc-encased  boulders.  Corundum  lias  also  been  found  here  in 
small  quantities. 
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A  spur  of  tlie  Cowee  Mountains  6  miiee  long,  running  southwest  from 
Cedar  Cliff  Mountain  to  Cullasagee  liiver  at  Corundum  Hill,  and  lying 
betwet-n  Ellijay  and  Walnut  creeks,  is  thickly  dotted  over  with  small 
areas  of  peridotite  and  pyrosenite,  chiefly  diinite.  On  this  spur,  which 
comprises  an  area  of  less  than  15  square  miles,  about  2.")  independent 
masses  were  seen.  At  most  of  them  corundum  has  been  found  and 
more  or  less  prospecting  or  mining  has  be<'n  done.  TJie  lens-shaped 
masses  of  this  region  vary  from  20  to  500  feet  in  width  of  outcrop,  and 
from  less  than  100  feet  to  nearly  a  mile  in  length.    Usually  the  length 
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is  not  more  than  four  or  five  times  the  breadth.  The  longer  axes  conform 
in  a  general  way  to  the  trend  of  the  lamination  in  the  gneisses,  which  in 
this  region  is  usually  N.  2^°-'-it)''  E.  Tlic  Corundum  llill  peridotite 
(PI.  VI)  is  an  irregular,  lens-sliapcd  mass  about  400  hy  1,200  feet  in 
ita  greatest  dimensions.  It  differs,  however,  from  the  majority  of  sucli 
masses  in  being  much  more  blunt  at  the  ends,  and  in  its  fingcr-liko 
apophyses  that  branch  off  from  the  western  border.  Similar  character- 
istics are  found  in  a  few  other  places,  as  in  the  Hamlin  mine,  at  the 
head  of  Ellij'ay  Creek,  11  miles  from  Franklin  (see  fig,  2). 

Enetatolite  (enstatite  rock),  which  frequently  occurs  with  the  ditnite 
in  varying  proportions,  forming  generally  hut  a  small  part  of  the  mass. 
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is  sometimes  predominant,  and,  in  a  few  places,  as  at  the  Littlefield  mine, 
constitutes  the  whole  mass  of  the  rock.  It  is  often  largely  altered  on 
the  surface,  and  especially  along  the  borders,  into  talc. 

The  whole  area  between  Walnut  and  Ellijay  creeks  has  been  vigor- 
ously prospected,  and  corundum  has  been  found  at  almost  every  outcrop 
of  poridotite  and  pyroxenite.  At  two  or  three  places  active  mining  has 
been  done  and  considerable  corundum  has  been  produced.  This  mineral 
has  also  been  found  on  the  eastern  slope  of  Onion  Mountain,  north  of 
Ellijay  Creek,  with  soapstone,  which  doubtless  represents  an  altered 
poridotite  or  pyroxenite.  Similar  soapstone  outcrops  are  found  in  places 
on  the  south  slopes  of  the  mountain,  near  Ellijay  Cre«^k. 

PEBUX>TITE8   IN   JACKSON   COUNTY. 

The  peridotites  of  Jackson  County  are  found  chiefly  in  the  vicinity  of 
Sapphire  in  the  southeast,  and  about  Webster  and  northwestward  toward 
Balsam  Gap,  where  the  railroad  crosses  toward  Wayncsville.  Several 
small,  .scattered  outcrops  are  also  found  about  the  headwaters  of  the  West 
Fork  of  Tuckasecgee  River,  in  the  vicinity  of  Hlenville. 

At  the  Whitewater  mine,  on  the  Whitewater  River,  5  miles  southwest 
of  Sapphire  and  3  miles  north  of  the  State  line,  is  an  oval  outcrop  of 
peridotite  about  100  feet  in  width,  with  some  pyroxenite  (enstatolite). 
The  peridotite  is  chiefly  harzburgite  (olivine-enstatite  rock).  Corun- 
dum occurs  in  fine,  scaly  vermiculitos  along  the  joints  and  in  the  contacts 
with  the  gneiss.  Soapstone,  which  probably  represents  similar  rocks, 
occurs  on  the  southern  slopes  of  Terrapin  Mountain,  2  miles  west  of 
tlio  Whitewater  niino.  A  small  mass  of  peridotite  is  said  to  occur  on 
the  nortli  end  of  Whiteside  Mountain,  near  Devils  Courthouse. 

The  accompanying  map  (PI.  VTl)  shows  tlie  distribution  of  peridotites 
about  Sapphire,  whidi,  in  nearly  every  case,  contain  more  or  less  corun- 
dum. The  most  southerly  outcrop,  1  mile  south  of  Sapphire,  is  at  the 
Bad  Creek  mine,  wheie  a  h^nticular  mass  about  r>n  bv  200  fo«>t  consists 
chicflv  of  enstatolite  (enstatitc  rock),  but,  hv  the  introduction  of  olivine, 
passes  in  places  into  harzburgite  and  dunite.  The  corundum  found  here 
is  associat(Ml  with  a  remarkable  variety  of  minerals,  described  on  p.  '?54. 

One-half  mile  northoast  of  this  is  the  Socrates  mine,  where  a  great  lens 
of  enstatolite  occut'S,   about  250  bv   900  feet.     The  contact  with   tlie 
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gneiss  was  distinctly  observed  here  at  two  points.  At  the  northeast  end 
of  the  outcrop  the  gneiss  dips  about  southeast  under  the  pyroxenite  at 
an  angle  of  M)^.  One  or  two  feet  of  the  gneiss  at  the  contact  are  thickly 
impregnated  with  fine,  scaly  verniiculite.  Between  this  and  the  pyrox- 
enite is  a  sheet  of  similar  verniiculite  about  4  inches  thick,  and  next  to 
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the  pyroxeDite  a  few  inches  of  pulverulent  and  scaly  talc,  with  a  little 
chlorite.  The  pyroxenite  itself  is  partly  altered  to  talc  on  the  outside. 
Near  the  middle  of  the  northwestern  border  an  open  cut  in  the  gneiss 
extends  100  feet  from  the  contact,  exposing  the  section  shown  in  fig.  3. 
It  will  be  observed  that  the  lamination  of  the  gneiss  is  scarcely  disturbed, 
except  that  it  is  steeper  as  the  pyroxenite  is  approached.  The  contact 
plane  is  somewhat  irregular  but  nearly  vertical,  and  the  gneiss  is  notice- 
ably more  decomposed  within  10  feet  of  it. 

One-fourth  mile  north  of  Sapphire  is  a  lenticular  mass  of  chloritic 
amphibolite,  measuring  about  20  to  75  feet,  which  should  probably  be 
considered  as  related  to  the  pyroxenites  and  peridotites. 

One-half  mile  northeast  of  Sapphire  is  a  large  forked  mass,  with 
dimensions  approximately  500  by  1,000  feet,  consisting  chiefly  of 
grayish  dunite,  but  passing  into  large  masses  of  enstatolite  (enstatite 
rock)  at  the  southeastern  point.     Chrysotile  has  been  developed  in  this 
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Fio.  3. — Vertical    cross-section    of    contact    of    peridotlte    and    gneiss    at 
Socrates   mine,    Sapphire,   Jackson   County,    N.    C. 


portion,  giving  the  name  "Asbestus  mine^'  to  this  place.  Corundum  is 
also  found  here. 

One-fourth  mile  east  of  the  Asbestus  mine  is  the  Sapphire  mine,  where 
dunite  and  enstatolite  (enstatite  rock)  together  form  a  mass  about  100 
feet  wide  and  900  feet  long,  lying  east  and  west.  The  dunite  bears  con- 
siderable colorless  amphibole  in  long  slender  needles. 

One  and  a  half  miles  northeast  of  Sapphire  is  a  lens-shaped  mass  of 
harzburgite  about  150  by  400  feet  in  outcrop,  with  its  longer  axis  north 
and  south.  The  openings  made  here  for  corundum  are  known  as  the 
Eattlesnake  mine.  The  rock  is  remarkably  coarse  in  texture,  consisting 
of  large  radiating  blades  and  tufts  of  enstatite  with  grains  of  olivine 
often  2  or  3  inches  in  diameter  and  frequently  with  well-developod 
cleavage.  On  exposed  surfaces,  where  the  enstatite  has  altered  to  talc 
and  the  olivine  more  or  less  weathered  out  and  altered  to  serpentine,  the 
rock  is  strikingly  like  the  peridosteatite  in  the  vicinity  of  Bryn  Mawr,  Penn- 
sylvania. This  rock  at  the  Eattlesnake  mine  has  a  slightly  laminated 
structure.  At  the  south  end  of  the  mass  the  gneiss  dips  north  about  25°, 
passing  under  the  peridotite. 
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Just  across  the  deep  ravine  one-fourth  mile  from  the  Kattlesnake  is 
the  Brockton  mine,  where  a  mass  of  fibrous  and  tuft^^l  enstatolite  (ensta- 
tite  rock)  occurs  in  an  outcrop  about  *^0()  bv  400  f(H*t.  A  sli«rht  lamina- 
tion is  develojx'd  in  the  direction  of  the  longer  axis,  X.  T0°  E. 

The  six  places  here  designated  as  "mines"  (Bad  Creek,  Socrates, 
Asbestus,  Sapphire,  Rattlesnake,  and  Brockton)  were  all  worked  more 
or  loss  by  the  Sapphire  Corundum  Company  (now  the  Toxaway  Com- 
pany) for  corundum,  as  were  also  the  Whitewater  mine,  described  above, 
and  the  Burnt  Rock,  in  Transvlvania  Countv. 

Five  miles  northwest  of  Sapphire  and  one-half  mile  north  of  the 
summit  of  Sheep  Cliff  Mountain,  large  outcrops  of  dunite  occur.  A 
mile  north  of  this  and  one-fourth  mile  north  of  Double  Knob  ^fountain, 
asbestos  was  found  in  a  shallow  prospect  pit. 

Within  4  miles  northeast  and  southwest  of  Glenville,  twelve  similar 
lenticular  masses  of  enstatolite,  with  smaller  proportions  of  harzburgite 
and  dunite,  were  located.  A  small  amount  of  prospecting  has  disclosed 
tlie  presence  of  corundum  at  a  number  of  these  places.  The  outcrops 
closelv  resemble  in  all  their  characters  the  similar  ma.^^ses  in  the  vicinitv 
of  Sapphire.  Three  miles  north  of  Glenville,  on  the  east  slopes  of  Shoel 
Mountain,  near  the  north  end,  are  found  numerous  very  large  l)()ulders 
of  amphibole-peridotite,  very  much  altered  at  the  surface  to  chlorite. 
Schistose  talc  and  chlorite  occur  in  a  number  of  places  on  the  East  Fork 
and  Caney  Fork  of  Tuckaseegee  River,  and  on  Cullowhee  Creek.  It  is 
quite  probable  that  some  of  these  outcrops  are  the  alteration  products 
of  peridotites  or  related  rocks.  Xear  the  head  of  East  Fork  dunite  and 
enstatolite  (enstatite  rock)  occur  in  several  places  on  Wolf  ^[ountain, 
near  the  mouth  of  Tessentee  Creek. 

The  largest  jxridotite  area  in  the  State,  and  in  many  respects  the  most 
remarkable  one  in  the  Appalachian  region,  occurs  at  Webster  (D.  VIII). 
The  area  of  exposure  of  these  rocks  approximates  three-fourtlis  of  a 
square  mile,  but  it  lacks  the  compactness  of  the  Buck  Creek  area,  which 
is  next  in  size,  and  the  usual  lenticular  form  is  almost  entirely  lacking. 
The  line  of  outcrops  traces  an  almost  unbroken  ellipse,  passing  tlirough 
Webster  at  the  southwestern  and  near  Addie  at  the  northeastern  extremity 
of  the  major  axis.  This  axis  is  (\  miles  long  and  lies  about  X.  '25°  E. 
The  minor  axis  is  about  3^  miles  long.  The  width  of  outcro])  varies 
from  more  than  1,600  feet  at  Webster  to  thin  belts  of  schistose  talc,  10 
feet  or  less  at  several  places.  On  the  eastern  side  of  the  ellipse,  along 
Cane  Creek,  the  continuity  of  the  outcrop  is  broken  in  five  places  within 
a  distance  of  a  little  more  than  a  mile.  The  four  disconntni'ted  masses 
have  the  usual  lenticular  form. 
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Lateral  projections  of  various  forms  extend  from  tlie  main  body  of 
the  peridotite  into  the  surrounding  gneiss  in  five  places.  Also,  1  mile 
northwest  of  Addie,  a  lens-shaped  area  of  gneiss,  about  450  by  1,300 
feet,  is  entirely  surrounded  by  peridotite.  Througliout  the  Appalachian 
region  these  rocks  frequently  exhil)it  more  or  less  lamination,  but  this 
character  is  seldom  so  highly  developed  as  in  the  vicinity  of  Webster. 
It  is  particularly  well  shown  in  the  large  barren  outcrop  at  the  Tucka- 
seegee  ]?iver  (PL  IX,  A).  The  lamination  is  so  minutely  developed  that 
it  is  clearly  seen  in  the  hand  spt^cimen  (PI.  IX,  B).  So  far  as  observed, 
the  lamination  in  this  vicinity  conforms  to  that  of  the  gneiss.  The  gneiss 
dips  toward  the  southeast  and  northwest,  away  from  the  major  axis  of 
the  peridotite  ellipse,  and,  in  general,  the  dip  is  steeper  farther  away 
from  this  axis,  indicating  an  anticlinal  structure  in  the  form  of  an 
inverted  boat. 

At  the  w^estern  border  of  the  large  outcrop  at  the  Tuckaseegee  I?iver 
two  shallow  cuts  show  an  interlamination  of  the  dunite  with  the  gneiss, 
like  that  observed  near  Elf,  in  Clav  Countv.  The  cuts  show  the  follow- 
ing  succession:  (1)  gneiss  to  the  west;  (2)  laminated  dunite  10  feet; 
(3)  thinly  laminated  gneiss  G  feet;  (4)  dunite,  western  border  of  main 
mass.  In  the  town  of  Webster,  also  an  outcrop  in  the  street  just  south 
of  the  court-house  shows  12  feet  of  dunite,  conformable  to  the  lamination 
of  the  gneiss  and  near  the  western  border  of  the  prin(i])al  dunite  outcrop. 

In  the  midst  of  the  barren  hillside  by  the  river  is  also  the  tyf>e  locality 
of  websterite,  the  pyroxenite  consisting  essentially  of  orthorhombie  and 
monoclinic  pyroxenes,  first  described  by  Dr.  (icorge  IT.  Williams."  This 
rock  constitutes  a  mass  about  .")50  feet  wide,  entirely  enclosed  in  the 
dunite,  and  it  may  be  traced  by  smaller  outcrops  north  and  south  for  a 
distance  of  about  a  mile.  On  the  hillside  facing  the  river,  the  dunite 
outcrop  is  200  feet  wide  east  of  the  websterite,  and  TOO  feet  wide  west  of 
it.  Websterite  is  again  found  3  miles  east  of  Webster,  on  Cane  Creek, 
1  mile  above  its  mouth.  Only  a  small  mass  occurs  here,  on  the  western 
border  of  the  dunite.  These  two  are  the  onlv  known  localities  where 
websterite  is  found  in  the  State.  Rv  the  failure  of  the  monoclinic 
pyroxene,  or  by  segregation  of  the  orthorhombie,  masses  of  the  latter 
several  feet  in  diameter  sometimes  occur  within  the  websterite,  giving 
examples  of  bronzitite  on  a  small  scale. 

Two  and  one-half  miles  u])  Cane  Creek,  on  the  ea.st  bank,  in  the  vicin- 
ity of  the  gaps  in  the  peridotite  belt,  and  one-fourth  mile  east  of  the 
main  body  of  this  rock,  is  an  outcrop  of  fresh  granular  dunite  only  a 
few  feet  in  extent.     In   half  a  dozen   or  more  places   in   a  direction 
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N.  40®  E.  from  this  place,  toward  Balsam  Gap,  are  found  talc  and  more 
or  less  decomposed  dunite  for  the  distance  of  about  a  mile,  ending  at 
Soapstone  Gap.  Then,  for  4  miles  toward  Balsam  Gap,  only  crumpled 
and  greatly  contorted  gneisses  were  obsen^ed. 

Two  miles  west  of  Balsam  Gap  is  a  great  oval  ma^  of  pieridotite,  800 
by  1,200  feet  in  outcrop,  occupying  the  point  of  a  ridge  between  Dark 
Ridge  Creek  and  Jones  Creek,  and  cut  by  the  railroad  at  Bryson's  mill. 
The  slopes  are  steep  and  the  outcrop  is  made  prominent  by  numerous 
ledges  and  cliffs,  besides  great  numbers  of  loose  boulders.  The  rock  is 
chiefly  harzburgite,  passing  in  places  into  smaller  masses  of  dunite  and 
enstatolite.  The  harzburgite  is  unusually  coarse  grained,  some  of  the 
great  olivine  anhedrons  being  five  and  six  inches  in  diameter,  though 
most  of  the  grains  are  less  than  one-fourth  of  an  inch.  Numerous 
glistening  bronzy  plates  of  enstatite,  often  altered  to  talc,  are  scattered 
through  the  mass.  Talc  is  almost  universally  developed  in  the  joints 
of  the  rock ;  and,  doubtless  as  a  result  of  this,  several  landslides  of  small 
dimensions  have  occurred  on  the  eastern  face  of  the  hill.  A  dunite  dike 
7  inches  thick  stands  out  prominently  in  the  railroad  cut  in  the  midst  of 
the  harzburgite.  The  walls  of  this  dike  are  sharply  defined  and  a  typical 
columnar  structure  is  developed  at  right  angles  to  them  (PI.  X,  A). 

Half  a  mile  north  of  Bryson's  mill,  on  top  of  the  ridge,  there  is  a  small 
outcrop  of  similar  harzburgite,  with  talc  abundantly  developed.  Half  a 
mile  due  east  of  this  a  similar  but  larger  mass  forms  the  prominent  point 
of  a  ridge  (PI.  X,  B)  and  extends  down  the  slope  to  the  southwest 
nearly  half  a  mile.  Two  miles  south  of  Balsam  Gap,  in  Bee  Tree  Gap, 
is  another  small  area  of  peridotite. 

rERIIX)TITE8  IN  TBAN8YLVAN1A    COUNTY. 

The  Whitewater  mine  of  the  Toxaway  Company,  described  above,  is 
located  on  the  Jackson  County  side  of  the  Whitewater  Eiver.  Just 
across  the  river  to  the  northeast,  in  Transylvania  County,  smaller  out- 
crops of  peridotite  of  a  similar  nature  also  occur.  About  a  mile  cast  of 
this  and  the  same  distance  south  of  Buck  Mountain,  on  the  steep  eastern 
slopes  of  the  river  gorge,  are  heavy  cliffs  of  a  coarse  harzburgite  in 
which  enstatite  and  olivine  occur  in  about  equal  amounts.  The  width 
of  the  outcrop  in  horizontal  extent  is  about  100  feet.  The  place  is 
known  as  the  "  Koons  place,"  and  some  prospecting  has  been  done  here 
for  corundum. 

One  mile  east  of  Buck  Mountain  and  4  miles  due  south  of  Sapphire, 
a  mass  of  dunite  150  feet  wide  outcrops  in  the  road.  It  bears  needles 
of  colorless  aniphibole,  and,  in  places,  some  enstatite.  Chromite,  in  blocks 
weighing  several  pounds,  also  occurs  weathered  out  over  tlie  surface. 
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This  mass  continues  northward  three-fourths  of  a  mile  to  Dr.  C.  Grim- 
shawe's  "  Gem  mine,"  where  transparent,  red,  blue,  and  colorless  frag- 
ments of  corundum  have  been  found  in  prospecting.  Similar  fragments 
occur  on  the  surface  for  about  a  mile  still  farther  northward.  South 
20°  west  from  the  outcrop  in  the  road  the  peridotite  outcrops  promi- 
nently for  more  than  a  mile,  witli  many  large  surface  boulders. 

About  a  mile  northeast  of  the  "  Gem  mine,"  and  one-fourth  mile 
below  the  falls  of  Thompson  River,  there  are  many  large  soapstone  boul- 
ders, which  probably  represent  pyroxenite.  One  mile  east  of  this,  perido- 
tite  occurs  on  the  road  crossing  the  mountain  by  Rocky  Knob. 

Three  or  four  miles  east  of  Sapphire  several  dunite  outcrops  occur 
southeast  of  Great  Hogback  Mountain,  one  of  them  showing  in  the  road 
at  Hogback  Valley  post-office.  Other  occurrences  are  found  on  the 
northeastern  slope  of  Great  Hogback,  one  of  these  being  the  location  of 
the  Burnt  Rock  mine  of  the  Toxaway  Company.  At  the  latter  place  are 
heavy  outcrops  of  enstatolite  (enstatite  rock)  and  harzburgite,  chiefly 
the  former,  of  coarse-bladed  texture.  Corundum  occurs  here  in  massive 
blocks  with  large  quantities  of  chlorite.  Two  miles  north  of  Burnt 
Rock  mine  is  another  outcrop  on  Panthertail  Mountain. 

In  a  distance  of  about  15  miles  northeast  of  Great  Hogback  Mountain 
about  a  dozen  small  outcrops  of  harzburgite  and  enstatolite  were  observed 
on  the  waters  of  the  North  Fork  and  West  Fork  of  French  Broad  River. 
A  number  of  these  are  composed  entirely  of  enstatolite,  and  the  numer- 
ous small  soapstone  masses  throughout  this  region  were  doubtless  derived 
from  the  same  or  a  similar  rock.  Thin  bands  of  talc-  and  chlorite-schist 
extend  also  through  this  region  and  northeastward  into  the  Pink  Beds, 
in  the  extreme  northern  corner  of  the  county.  A  little  prospecting  has 
been  done  and  corundum  has  been  found  at  a  few  of  these  localities. 

Near  Brevard,  a  mass  of  dark  green  serpentine  is  exposed  in  a  cut  of 
the  Transylvania  Railroad. 

PERIDOTITES   IN   SWAIN   COUNTY. 

About  3  miles  a  little  southwest  from  Bryson,  on  the  farm  of  D.  W. 
Kerr,  there  is  an  outcrop  of  peridotite  covering  20  acres  or  more.  Its 
greatest  dimension  is  nearly  three-eights  of  a  mile  and  lies  north  and 
south,  while  its  maximum  width  is  not  over  400  feet.  The  rock  is  com- 
posed largely  of  olivine  with  a  little  enstatite.  It  is  covered  in  many 
places  by  soil,  but  on  the  slopes  of  the  hill  there  are  bare  outcrops. 
Corundum  is  said  to  have  been  found  with  this  peridotite,  but  the  pros- 
pecting that  has  been  done  gives  no  indication  that  this  mineral  occurs 
in  commercial  quantity. 

No  other  outcrops  of  these  rocks  have  yet  been  found  in  this  county. 
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PERIDOTITES   IN   HAYWOOD  COUJfTY. 

Northeast  of  the  peridotites  of  Balsam  Gap,  Jackson  County,  no  rocks 
of  this  character  have  been  observed  for  a  distance  of  about  15  miles. 
North  of  that  part  of  Pigeon  River  between  Clyde  and  Canton,  a  number 
of  scattered  outcrops  of  soapstone  occur  on  the  spurs  of  the  Newfound 
Mountains.  One  of  these  is  crossed  by  the  road  in  the  gap  between 
Chambers  and  Glade  mountains,  5  miles  northedst  of  Clyde,  where  the 
exposure  of  soapstone  has  the  typical  structure  and  api>earanco  of  enstato- 
lite.     Corundum  is  said  to  have  been  found  at  this  place. 

Two  and  a  half  miles  northeast  of  Canton,  dunite  occurs  on  the  North 
Fork  of  Hominy  Creek.  The  outcrop  has  a  width  of 'several  hundred 
feet  near  Hominv  Grove  church,  and  extends  northward  in  ar  narrower 
strip  for  about  one-half  mile.  Some  well-formed  corundum  crystals  have 
been  found  here.  On  the  head  of  North  Fork,  one-half  mile  south  of  New- 
found Gap,  a  lenticular  dunite  mass  occurs  with  a  surface  exposure  of 
about  40  by  100  feet.  Red  corundum  occurs  here,  and  a  little  prospect- 
ing sliows  conditions  very  similar  to  tliOvSe  at  Corundum  Hill,  Macon 
County.  Northeastward,  toward  the  gap,  a  narrow  strip  of  talc-schist 
occurs,  and  a  small  outcrop  of  dunite  is  found  just  north  of  the  church 
in  the  gap.  In  line  with  this  dunite  small  outcrops  of  talc  occur  one-half 
mile  northeast  of  the  gap.  I-ying  only  a  few  hundred  feet  easi:  of  this 
dunite  in  the  gap,  another  dunite  mass  extends  from  the  crest  of  the 
ridge  one-fourth  mile  down  the  north  slope,  upon  the  headwaters  of 
Newfound  Creek,  tapering  to  a  point  200  yards  below  the  road. 

At  the  Preslev  mine,  4  miles  northeast  of  Canton,  there  is  a  mass  of 
dark  green  amphibolite  intersected  by  pegmatite  dikes  carrying  corundum. 

PKRIDOTITES  IX  BUNCOMBE  COUNTY. 

Two  and  a  half  miles  northeast  of  Newfound  Gap',  down  Newfound 
Creek,  soapstone,  apparently  derived  from  pyroxenite,  occurs  on  the 
mountain  slopes  west  of  the  creek. 

Eiglit  miles  northeast  of  Newfound  Gap  and  one  mile  east  of  Leicester, 
dunite  outcrops  on  the  Asheville  road  just  east  of  Newfound  Creek.  It 
is  about  'M)  feet  wide  and  forms  the  center  of  a  small  knoll  u])on  which  a 
house  is  ])uilt.  From  2  to  2J  miles  southeast  of  Leicester,  on  the  road 
to  rluno  (Penland's  mill),  three  outcrops  of  light-gray  to  greenish 
ser}>entine  were  observed  in  and  near  the  road,  varying  in  width  from 
10  to  iO  f<*ot.  Half  a  mile  southward  a  similar  4rip  of  .«5or])ontino  is 
cros.^ed  ])y  the  Asheville  road. 

For  1<>  miles  northeastward  from  tliis  place,  across  the  Frencli  Broad 
River  and  to  the  Flat  Creek  Mountains  beyond  Weaverville,  the  perido- 
tites are  represented  almost  entirely  by  outcrops  of  serpentine  and  soaj)- 
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stone.  At  one  point,  liowever,  typical  fresh  dunite  is  closely  associated 
with  equally  typical  serpentine  masses.  This  interesting  occurrence  is 
just  east  of  Newfound  Creek,  near  the  road  that  crosses  it  2i  miles  east 
of  Leicester.  Here  two  outcrops  occur  side  by  side  about  150  feet  apart, 
one,  composed  of  serpentine,  10  feet  wide,  and  the  other,  of  fresh  dunite, 
about  30  feet  wide.  In  shallow  prospecting  pits  both  of  them  show  the 
presence  of  chromite  grains  and  green  nickel  stains.  The  dunite  is  lamin- 
ated and  very  similar  in  appearance  to  that  at  Webster,  in  Jackson 
County.  From  200  to  300  feet  down  the  hill,  southwest  of  the  serpen- 
tine mass,  in  the  direction  of  the  lamination  of  the  gneiss,  an  outcrop  of 
dunite  5  feet  thick  occurs  in  the  branch.  Between  this  dunite  and  the 
serpentine  on  top  of  the  hill  no  outcrops  of  any  kind  could  be  found. 

light-gray  to  greenish-gray  serpentine  occurs  also  at  the  mouth  of 
Dicks  Creek,  one  mile  further  down  Newfound,  and  similar  rock  is  said 
to  occur  at  the  bridge  one-half  mile  below.  Continuing  in  the  same 
direction,  serpentine  100  feet  wide  and  about  one-fourth  mile  long  occurs 
within  one-fourth  to  one-half  mile  of  French  Broad  River  and  three- 
fourths  mile  north  of  the  mouth  of  Newfound  Creek.  The  rock  is  mostlv 
mottled  light  gray  and  sometimes  contains  numerous  chromite  grains. 
It  forms  a  distinct  ridge  through  the  fields,  and  the  soil  is  said  to  be 
better  adapted  to  com  and  tobacco  than  the  clay  soil  of  the  adjoining 
gneiss. 

Directly  northeast  of  the  last  locality,  on  the  south  bank  of  the  French 

ft.  ^  V      ^ 

Broad,  2  miles  above  Alexander,  dark-green  massive  serpentine  occurs  in 
an  outcrop  15  feet  wide,  associated  with  a  little  talc  and  chlorite  and  con- 
siderable chrysotile.  On  the  opposite  (north)  bank  of  the  river  a  narrow 
strip  of  serpentine  shows  in  the  road,  narrowing  toward  the  river  into  a 
thin  strip  of  talc,  which  disappears  altogether  in  a  few  feet. 

One-half  mile  below  the  last  named  locality,  and  H  miles  above  Alex- 
ander, a  broad  belt  of  serpentine  occurs  north  of  the  river.  The  outcrop 
is  bordered  by  schistose  talc  and  chlorite,  and  there  is  considerable  devel- 
opment  of  a  radial  mineral  along  the  borders  and  principal  joints  of 
the  main  mass  of  serpentine,  similar  to  that  in  the  dunite  of  Corundum 
Hill,  Buck  Creek,  and  other  localities.  At  many  of  the  serpentine  locali- 
ties throughout  this  region  more  or  less  of  this  structure  was  observed. 
In  all  cases,  however,  the  radiating  mineral  has  been  altered  to  serpentine, 
whereas  with  the  dunite  it  is  usually  changed  to  talc.  One  mile  north- 
east of  this  locality,  on  Reems  Creek  three-fourths  mile  above  its  mouth, 
is  a  mass  of  yellowish-green  to  dark-green  compact  serpentine.  Large 
nodules  (2  feet  in  diameter)  composed  of  small  blade-like  and  fibrous 

gedrite  in  confused  aggregates,  occur  in  the  midst  of  the  serpentine. 
4 
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These  nodules  are  inclosed  by  radial  sheaths  of  the  same  mineral,  similar 
in  appearance  to  those  described  above. 

Between  this  point  and  Flat  Creek  Mountains,  4  miles  northeastward, 
two  prominent  outcrops  of  serpentine  were  observed ;  one  on  the  Weaver- 
ville-Alexander  road,  and  the  other  one-half  mile  north  of  this  road,  but 
within  a  mile  northwest  of  Weaverville.  At  the  latter  place  the  surface 
of  the  outcrop  revealed  only  soapstone,  but  a  shallow  cut  shows  the  mass 
of  the  rock  to  be  serpentine,  with  talc  developed  along  the  irregular  joint 
planes,  thus  forming  a  thick  sheathing  around  the  serpentine  blocks. 
One  and  one-half  to  2  miles  north  of  Weaverville,  talcose  rocks  are  found 
in  several  places  near  the  ford  of  Little  Flat  Creek.  An  outcrop  near 
the  ford  consists  largely  of  white  to  greenish  talc-schist,  but  also  contains 
compact  masses  of  a  confused  fibrous  structure.  These  masses  are 
exactly  similar  in  appearance  to  the  gedrite  masses  in  the  serpentine  on 
Beem  Creek,  and  like  them  are  surrounded  by  radial  sheaths  of  coarser 
crystallization,  all  altered  into  talc. 

Dunite  occurs  again  northeast  of  this  point,  near  Flat  Creek,  one-half 
mile  above  the  ford.  The  outcrop  is  normal  yellowish  to  greenish-gray 
olivine  rock,  with  no  massive  serpentine.  Some  talc  and  chrysotile  are 
developed,  partly  in  the  form  of  radial  sheaths  along  the  borders  and 
joints.  On  Flat  Creek,  2  miles  above  the  road,  talc  occurs  associated 
with  chalcedony  and  the  ocherous  products  of  decomposed  peridotite  or 
serpentine.  Incrustations  of  green  nickel  silicates  are  also  abundant  at 
this  place. 

Serpentine  occurs  again  north  of  Flat  Creek  Mountains  and  2  miles 
northeast  of  Stocksville  in  a  small  decomposed  outcrop  in  the  road.  Half 
a  mile  east  of  this  and  1^  miles  southwest  of  Democrat,  dunite  occurs  |n 
a  laminated  and  much  contorted  outcrop  about  300  feet  wide  at  the  road. 
Large  quantities  of  talc  are  present,  much  of  it  in  the  form  of  radial 
sheaths  along  the  joint  planes,  and  considerable  dense  brown  chalcedony. 
Southwestward  this  outcrop  quickly  thins  down  into  a  narrow  strip  of 
talc-scliist,  which  continues  S.  30°  W.  into  Flat  Creek  ^lountains.  The 
dunite  gradually  widens  northeastward  to  a  maximum  of  about  500  feet, 
and  continues  with  great  uniformity  for  a  distance  of  1^  miles  X.  20°  E. 
to  Ivy  liivcr,  where  it  rapidly  narrows  down  to  a  point.  The  greater 
part  of  this  outcrop  is  distinctly  laminated  like  that  at  Webster.  Chro- 
mite  grains  are  abundant  tlirou«rhout  the  rock,  and  considerable  masses 
are  often  encountered.  Greun  nickel  stains  arc  also  very  prevalent  in 
the  joints. 

In  line  witli  this  outcrop,  north  of  the  river,  narrow  strips  of  talc 
occur  250  yards  west  of  Democrat.  Similar  strips  of  talc  and  small 
lens-shaped  masses  of  dunite  occur  at  intervals  in  the  same  direction  to 
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the  Madison  County  line,  on  top  of  the  ridge  north  of  Ivy  Kiver.  Some 
of  these  dunite  masses  are  mere  bits,  having  dimensions  of  only  a  few 
inches.  Most  of  them  lie  conformably  in  the  lamination  of  the  gneiss, 
but  occasionally  they  cut  across  this  lamination  at  a  perceptible  angle. 
The  accompanying  sketch  (fig.  4/1)  represents  one  of  these  small  dunite 
masses,  about  a  foot  thick,  surrounded  by  a  sheath  of  radiating  talc 
about  an  inch  thick,  with  a  thin  layer  of  brownish  vermiculite  outside. 


V//^ 


A  B 

Fig.  4. — 8mall,  lenticular  dunite  masses  intruded  into  gneiss  at  Democrat,  Bun- 
combe County,  N.  C. ;  A,  uncomformable,  and  B,  conformable  with  the  lamination  of  the 
Rneiss. 

The  gneiss  was  distinctly  visible  on  one  side  of  this  mass,  and  its  lamina- 
tion planes  made  an  angle  of  more  than  30**  with  the  plane  of  contact 
and  the  lamination  of  the  dunite.  Fig.  4  B  represents  a  similar  mass 
conformable  with  the  gneissic  lamination. 
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On  Sandymush  Creek,  along  the  southeastern  border  of  Madison 
County,  talc-schist  and  soapstone  in  small  amounts  have  been  observed 
in  a  number  of  localities.  In  some  places,  as  at  Trail  Branch  (Gudger^s 
mill),  the  rock  has  the  structure  and  general  appearance  of  enstatolite 
(enstatite  rock).  Very  near  Trail  Branch  a  bluish  schistose  talc  also 
occurs  on  the  hill  just  south  of  the  creek,  in  Buncombe  County. 

Two  and  a  half  miles  below  Marshall,  on  the  steep  slope  rising  from 
the  south  bank  of  French  Broad  Eiver,  between  Bear  and  Little  Pine 
creeks,  is  an  outcrop  of  pyroxenito  covering  an  area  of  about  10  acres. 
It  consists  chiefly  of  enstatite,  and  is  accompanied  by  an  amphibolite 
dike.  Just  below  this  outcrop,  in  a  meadow,  the  first  specimen  of 
corundum  found  in  Xorth  Carolina  was  picked  up  on  the  surface. 

At  Johnson  s  ferrv,  at  the  mouth  of  Bear  Creek,  talc-chlorite-schists 
outcrop  on  the  stoop  slopes  north  of  the  river.  One-fourth  of  a  mile 
eastward  a  similar  rock  occurs  associated  with  considerable  chalcedony 
and  radiated  fibrous  talc.  Similar  talc-chlorite  rock  outcrops  with  a 
width  of  50  feet  H  miles  southwest  of  the  forrv,  on  the  waters  of  Little 
Pine  Creek. 

Peridosteatite,  similar  to  the  altered  portions  of  harzburgite  at  the 
Rattlesnake  mine  at  Sapphire  and  also  closely  resembling  the  perido- 
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steatite  near  Bryn  Mawr,  Pennsylvania,  forms  the  point  of  a  small  ridge 
at  the  county  home,  1^  miles  northwest  of  Marshall,  on  Walnut  Creek. 
The  rock  is  composed  of  olivine  and  talc,  the  latter  probably  representing 
enstatite  in  the  original  rock.  The  olivine  is  fresh  and  sometimes  forms 
a  large  proportion  of  the  rock ;  in  other  parts  it  occurs  in  smaller  amounts 
and  is  more  or  less  decomposed.  The  latter  variety  has  been  quarried 
to  some  extent  for  soapstone,  and  is  said  to  have  been  used  for  iron 
furnace  linings  in  Greene  County,  Tennessee,  about  1868.  Blocks  con- 
taining 15  to  20  cubic  feet  are  said  to  have  been  obtained.  The  outcrop 
is  about  50  feet  wide,  and  the  rock  shows  a  slight  lamination.  Veins  of 
fine,  green,  scaly  chlorite,  10  to  12  inches  thick,  have  been  formed  across 
the  lamination. 

Another  soapstone  outcrop  occurs  1^  miles  west  of  this  localit}'.  It  is 
compact,  schistose,  and  somewhat  chloritic,  but  some  |>ortions  of  it  have 
the  rust-holes  similar  to  that  found  at  the  county  home  from  which  the 
olivine  has  been  weathered.  It  was  also  quarried  a  little  for  soapstone 
at  the  same  time  and  for  the  same  purposes  as  that  described  above. 

At  a  number  of  other  places  on  the  waters  of  Walnut  Creek,  and  north 
of  Walnut  Mountains  on  Big  Laurel  Creek,  schistose  talc  is  found  re- 
sembling more  or  less  that  at  the  localities  just  described.  Slabs  are 
quarried  from  these  outcrops  for  local  use  as  fire-place  linings,  tomb- 
stones, etc. 

A  coarse  green  amphibolite  forms  the  points  of  three  small  ridges 
3  miles  east  of  Marshall  and  one-half  mile  north  of  the  mouth  of  Big 
Ivy  River.  It  is  feldspathic  in  places  and  contains  biotite,  passing  into 
mica-diorite.  Rough,  honey-combed  chalcedony  is  abundant,  and  crystals 
of  corundum  are  found  weathered  out  over  the  surface.  One  of  these 
crystals,  weighing  IT  pounds,  is  shown  in  fig.  24,  p.  208,  which  is  drawn 
from  a  photograph. 

The  belt  of  peridotites  that  passes  by  Democrat,  in  Buncombe 
County,  crosses  tlie  extreme  eastern  corner  of  this  county.  The  Carter 
corundum  mine,  on  Holcombe  Branch  near  the  county  line,  is  on  this 
belt,  1^  miles  north  of  Democrat.  It  is  in  the  midst  of  an  area  of 
yellowish  to  dark-green  dunite  which  outcrops  with  a  width  of  nearly 
one-fourth  of  a  mile.  Chromite  grains  and  green  nickel  stains  are  abun- 
dant, and  the  surfaoo  is  characterized  by  a  stunted  growth  of  pine,  as  at 
Webster.  The  dunite  is  laminated,  and  the  massive  blue  and  pink  cor- 
undum occurs  in  a  vein  with  spinel,  feldspar,  etc.,  which  is  developed 
approximately  at  right  angles  to  the  lamination.  The  poridotite  mass 
seems  to  have  a  blunt  lenticular  form. 

Two  and  a  half  miles  northeast  of  the  Carter  mine,  on  Terry  Fork, 
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2  miles  above  its  mouth,  is  a  massive,  dark-green  to  almost  black  ser- 
pentine, with  some  soapstone  and  chlorite,  in  an  outcrop  about  200  feet 
wide.  Two  miles  west  of  this,  on  Paint  Fork  a  mile  above  the  mouth 
of  Terry  Fork,  serpentine  of  lighter  color  occurs  in  an  outcrop  more 
than  100  feet  wide.  Portions  of  this  mass  contain  abundant  remnants 
of  olivine  in  small,  transparent  grains.  Some  radial  structure  is  also 
developed  along  the  joints.  Two  hundred  yards  east  of  this  locality  an 
unaltered  dunite  occurs  in  an  outcrop  about  50  feet  wide,  in  the  creek. 
The  joints  show  a  highly  developed  radial  structure,  and  also  contain 
chlorite  and  feldspar  intermingled,  as  at  the  Carter  mine.  An  outcrop 
of  gneiss  occurs  in  the  midst  of  the  dunite.  One  mile  northward  and  IJ 
miles  south  of  Paint  Gap,  serpentine  occurs  one-fourth  mile  east  of  the 
road.  This  rock  also  contains  small  remnants  of  the  original  olivine 
which  are  visible  in  the  hand-specimen.  The  outcrop  is  about  30  feet 
wide.  A  mile  south  of  the  gap  and  one-half  mile  east  of  the  road  narrow 
outcrops  of  talc-schist  occur. 

PERIDOTITES    IN    YANCEY   COUNTY. 

In  line  with  the  peridotite  masses  at  the  Carter  mine  and  along  Paint 
Fork,  soapstone  occurs  at  several  places  on  the  mountain  just  north  of 
Paint  Gap.  At  the  north  base  of  the  mountain,  on  Possumtrot  Creek  a 
mile  above  its  mouth,  serpentine  occurs  with  talc  and  chlorite.  A  large 
outcrop  of  serpentine  also  occurs  a  mile  northeast  of  this,  at  Xeal's  store 
on  Bald  Creek,  one-fourth  mile  below  the  mouth  of  Possumtrot  Creek. 
Three  miles  north  of  Bald  Creek,  soapstone  outcrops  occur  just  west  of 
Caney  River.  Farther  northward  and  northeastward  no  peridotites  or 
related  rocks  have  been  observed. 

Another  line  of  outcrops  begins,  however,  4  miles  northwest,  on  the 
northern  slopes  of  Sampson  Mountains.  Half-way  down  from  the  gap 
is  the  Hayes  corundum  mine,  where  three  peridotite  masses  occur  very 
near  each  other  in  the  gneiss.  Enstatolite  (enstatite  rock)  is  apparently 
the  predominating  rock,  but,  by  the  introduction  of  olivine,  it  passes  into 
harzburgite  and  dunite.  Corundum  occurs  along  the  borders  i^  coarse 
chlorite  and  associated  with  some  margarite.  An  intrusive,  fine-grained 
diorite  was  encountered  near  the  peridotite  in  mining.  Outcrops  of 
enstatolite,  with  some  oli vine-bearing  portions,  occur  northeastward  down 
the  mountain  slopes  to  Bald  Mountain  Creek  at  Hensley.  The  enstatite 
is  often  altered  to  talc  on  the  surface.  Similar  talcose  rocks,  frequently 
showing  the  original  structure  and  appearance  of  the  enstatolite,  were 
found  in  several  places  in  the  continuation  of  this  direction  northeast- 
ward for  4  miles  up  the  slopes  and  almost  to  the  summit  of  Bald  Moun- 
tains, on  the  North  Carolina-Tennessee  boundary. 
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Two  mites  east  of  the  principal  line  of  peridotite  masses  to  which  the 
serpentine  of  Possumfrot  and  Bald  creeks  belong,  several  outcrops  of 
peridotite  occur,  on  Banks  and  Price  creeks.  Normal  dunite,  containing 
considerable  chromite,  occurs  3  miles  south  of  Caney  River,  to  the  east 
of  Price  Creek  on  a  small  tributary.  Radial  minerals  arc  highly  devel- 
oped in  the  joints.  Independent  masses  of  dunite  and  serpentine  about 
500  feet  apart  occur  2  miles  south  of  Caney  River  on  Banks  Creek.  A 
short  distance  northward  a  dunite  outcrop  about  300  feet  wide,  with 
north-south  lamination,  forms  the  summit  of  a  small  elevation  known 
locally  as  "  Mine  hill."  Half  a  mile  northeastward,  down  the  creek,  a 
very  irregular  dunite  mass  occurs,  composed  partly  of  fresli  dunite  but 
altered  in  other  portions  to  massive  serpentine.  The  outcrop  has  a 
very  peculiar  form,  somewhat  like  the  figure  9,  with  the  top  of  it  solid 
and  lying  to  the  east,  while  the  narrow  appendage  curves  toward  the 
west  and  north.  It  occupies  an  area  of  about  an  acre,  and  the  broader 
eastern  portion  forms  a  little  barren  knob. 

West  and  northwest  of  BurnsviUe,  IJ  to  2  miles,  narrow  talc  outcrops 
occur  on  the  summit  and  slopes  of  Green  Mountains.  Most  of  this  rock 
is  schistose,  but  portions  of  it  have  the  structure  and  appearance  of  fine- 
grained pyroxenite,  and  have  doubtless  been  derived  from  some  such  rock. 

Three  miles  northeast  of  Burnsville,  on  Mine  Fork  of  Jack  Creek,  a 
large  lenticular  mass  of  harzburgite  forms  two  small  hills,  one  on  either 
side  of  the  creek.     The  more  prominent  one  is  known  locally  as  "  Miue 


hill."  Tlie  outcrop  is  about  one-half  mile  long  and  has  a  maximum  width 
of  about  500  feet.  The  greater  axis  of  the  mass  lies  N.  30°  K.  The  north 
end  is  blunt  and  rounded,  while  the  south  end  tapers  to  a  sharp  point.  The 
rock  i.'  a  liiirxbnririte  composed  of  olivine  and  bronzite,  the  latter  partly 
fresh,  partly  altered  to  talc,  though  still  retaining  the  appearance  of  the 
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original  mineral.  Chromite  is  abundant  in  grains  throughout  the  rock, 
and*  is  segregated  into  larger  masses  in  places,  some  of  which  have  been 
mined  to  a  slight  extent.  A  quartz  vein  4  feet  thick  and  traceable  for 
a  distance  of  100  feet  is  found  in  the  peridotite  just  north  of  the  ford 
of  the  creek,  on  the  hillside.  Along  the  northwestern  border,  pegmatite 
20  feet  thick  outcrops  in  heavy  ledges. 

One-fourth  mile  below  this  large  mass,  two  very  small  outcrops,  but 
a  few  inches  in  diameter,  occur  in  the  road  (^g.  5).  These  resemble  in 
some  respects  the  little  dunite  masses  near  Democrat,  in  Buncoml)e 
County-  One  is  oval  in  form,  the  other  is  narrow,  elongated  lens-shaped; 
both  are  composed  of  talc  in  coarse  interlocking  blades  (a)  in  the  interior 
and  of  coarser  radiatiijg  blades  (h)  outside.  Surrounding  the  nodules  next 
the  inclosing  gneiss  is  a  thin  sheath  of  cyanite  (c)  in  interlocking  blades. 
The  gneiss  at  this  place  is  quite  schistose,  and  these  masses  occur  along- 
side a  distinct  zone  of  crushing  and  faulting. 

Five  miles  north  of  Burnsville  and  2  miles  south  of  Toe  River,  on 
Pigpen  Creek,  dunite  forms  a  barren  rocky  area  on  the  hillside  near  the 
road.  Xear  the  river  numerous  fine-grained,  dark,  basic  dikes  intersect 
the  gneiss. 

Six  miles  northeast  of  Burnsville,  in  a  direct  line,  dunite  forms  an 
oval  mass  about  300  by  700  feet  at  the  foot  of  Chestnut  Mountain,  the 
knob  at  the  eastern  extremitv  of  Green  Mountains.  This  is  one  of  the 
finest  examples  of  typical  dunite  in  the  State.  It  forms  a  spur  jutting 
out  to  the  south  with  an  elevation  of  about  150  feet  above  tlie  valley,  and 
the  surface  is  entirely  barren  except  for  the  little  bunches  of  sedge  that 
grow  in  the  joints  where  some  soil  has  lodged.  It  is  a  remarkably  uniform 
olivine  rock  with  chromite  grains  evenly  disseminated  through  it.  About 
a  foot  of  radiating  and  interlocking  talc  forms  the  border,  and  the  whole 
is  enclosed  in  mica-schist. 

Seven  miles  southeast  of  Burnsville,  on  the  ridge  just  north  of  Browns 
Creek,  a  mass  of  enstatolite,  composed  of  radiating  enstatite  largely 
altered  to  soapstone,  occurs  in  an  outcrop  about  50  feet  wide.  It  is 
bordered  bv  chlorite,  and  corundum  crvstals  2  or  3  inches  lonff  are  found 
in  the  decomposed  gneiss  within  2  or  3  feet  of  the  contact.  Nearly  a 
mile  east  of  this,  on  the  same  ridge  near  South  Toe  Kiver,  peridosteatite 
forms  a  large  part  of  the  small  knob  that  is  locally  known  as  Bailey 
Mountain.  The  rock  is  composed  of  coarse-bladed  talc  with  exceedingly 
large  olivine  grains,  similar  to  but  of  much  coarser  texture  than  the 
peridosteatite  at  Sapphire  and  at  the  Madison  County  home.  The  rock 
is  doubtless  a  harzburgite  in  which  the  enstatite  has  altered  to  talc  (meta- 
harzburgite).     It  is  similar  in  many  respects  to  the  harzburgite  of  the 
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Two  miles  east  of  the  principal  line  of  peridotite  masses  to  which  the 
serpentine  of  Possumtrot  and  Bald  creeks  belong,  several  outcrops  of 
peridotite  occur,  on  Banks  and  Price  creeks.  Normal  dunite,  containing 
considerable  chromite,  occurs  3  miles  south  of  Caney  River,  to  the  east 
of  Price  Creek  on  a  small  tributary.  Kadial  minerals  are  liighly  devel- 
oped in  the  joints.  Independent  masses  of  dunite  and  serpentine  about 
500  feet  apart  occur  2  miles  south  of  Caney  River  on  Banks  Creek.  A 
short  distance  northward  a  dunite  outcrop  aliouf  300  feet  wide,  with 
north-south  lamination,  forms  the  summit  of  a  small  elevation  known 
locally  as  "  Mine  hill."  Half  a  mile  northeastward,  down  the  creek,  a 
very  irregular  dunite  mass  occurs,  composed  partly  of  fresh  dunite  but 
altered  in  other  portiuns  to  massive  serpentine.  The  outcrop  has  a 
very  peculiar  form,  somewhat  like  the  figure  9,  with  the  top  of  it  solid 
and  lying  to  the  east,  while  the  narrow  appendage  curves  toward  the 
west  and  north.  It  occupies  an  area  of  about  an  acre,  and  the  broader 
eastern  portion  forms  a  little  barren  knob. 

West  and  northwest  of  Burnsville,  1^  to  3  miles,  narrow  talc  outcrops 
occur  on  the  summit  and  slopes  of  Green  Mountains.  Most  of  this  rock 
is  schistose,  but  (lortions  of  it  have  the  structure  and  appearance  of  fine- 
grained pyro.xenite,  and  have  douhtless  been  derived  from  some  such  rock. 

Three  miles  northeast  of  Burnsville,  on  Mine  Fork  of  Jack  Creek,  a. 
large  lenticular  mass  of  Jiarzburgite  forms  two  small  hills,  one  on  either 
side  of  tlie  creek.     The  more  prominent  one  is  known  locally  as  "  Mine 


hill."  The  outcrop  is  about  one-half  mile  long  and  has  a  ma.\imum  width 
of  ahout  500  feet.  The  greater  axis  of  the  mass  lies  N.  30°  E.  The  north 
end  is  blunt  and  rounded,  while  the  south  end  tapers  to  a  sharp  point.  The 
rock  is  a  liarKbnrgite  composed  of  olivine  and  bron^ite,  the  latter  partly 
fresh,  partly  altered  to  talc,  thougli  still  retaining  the  appearance  of  the 
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original  mineral.  Chromite  is  abundant  in  grains  throughout  the  rock, 
and*  is  segregated  into  larger  masses  in  places,  some  of  which  have  been 
mined  to  a  slight  extent.  A  quartz  vein  4  feet  thick  and  traceable  for 
a  distance  of  100  feet  is  found  in  the  peridotite  just  north  of  the  ford 
of  the  creek,  on  the  hillside.  Along  the  northwestern  border,  pegmatite 
20  feet  thick  outcrops  in  heavy  ledges. 

One-fourth  mile  below  this  large  mass,  two  very  small  outcrops,  but 
a  few  inches  in  diameter,  occur  in  the  road  (^g.  5).  These  resemble  in 
some  respects  the  little  dunite  masses  near  Democrat,  in  Buncoml)e 
County.  One  is  oval  in  form,  the  other  is  narrow,  elongated  lens-shaped; 
both  are  composed  of  talc  in  coarse  interlocking  blades  (a)  in  the  interior 
and  of  coarser  radiatiijg  blades  (h)  outside.  Surrounding  the  nodules  next 
the  inclosing  gneiss  is  a  thin  sheath  of  cyanite  (c)  in  interlocking  blades. 
The  gneiss  at  this  place  is  quite  schistose,  and  these  masses  occur  along- 
side a  distinct  zone  of  crushing  and  faulting. 

Five  miles  north  of  Burnsville  and  2  miles  south  of  Toe  River,  on 
Pigpen  Creek,  dunite  forms  a  barren  rocky  area  on  the  hillside  near  the 
road.  Near  the  river  numerous  fine-grained,  dark,  basic  dikes  intersect 
the  gneiss. 

Six  miles  northeast  of  Burnsville,  in  a  direct  line,  dunite  forms  an 
oval  mass  about  300  by  700  feet  at  the  foot  of  Chestnut  Mountain,  the 
knob  at  the  eastern  extremity  of  Green  Mountains.  This  is  one  of  the 
finest  examples  of  tj^pical  dunite  in  the  State.  It  forms  a  spur  jutting 
out  to  the  south  with  an  elevation  of  about  150  feet  above  the  valley,  and 
the  surface  is  entirely  barren  except  for  tlie  little  bimches  of  sedge  that 
grow  in  the  joints  where  some  soil  has  lodged.  It  is  a  remarkably  uniform 
olivine  rock  with  chromite  grains  evenly  disseminated  through  it.  About 
a  foot  of  radiating  and  interlocking  talc  forms  the  border,  and  the  whole 
is  enclosed  in  mica-schist. 

Seven  miles  southeast  of  Burnsville,  on  the  ridge  just  north  of  Browns 
Creek,  a  mass  of  enstatolite,  composed  of  radiating  enstatite  largely 
altered  to  soapstone,  occurs  in  an  outcrop  about  50  feet  wide.  It  is 
bordered  by  chlorite,  and  corundum  crystals  2  or  3  inches  long  are  found 
in  the  decomposed  gneiss  within  2  or  3  feet  of  the  contact.  Nearly  a 
mile  east  of  this,  on  the  same  ridge  near  South  Toe  River,  peridosteatite 
forms  a  large  part  of  the  small  knob  that  is  locally  known  as  Bailey 
Mountain.  The  rock  is  composed  of  coarse-bladed  talc  with  exceedingly 
large  olivine  grains,  similar  to  but  of  much  coarser  texture  than  the 
peridosteatite  at  Sapphire  and  at  the  Madison  Coimty  home.  The  rock 
is  doubtless  a  harzburgite  in  which  the  enstatite  has  altered  to  talc  (meta- 
harzburgite).     It  is  similar  in  many  respects  to  tlie  harzburgite  of  the 
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most  easterly  outcrops  near  Balsam  Gap,  Jackson  County,  but  the  talc 
is  coarser  than  the  enstatite  there  and  in  larger  proportion.  The  olivine, 
like  that  of  Balsam  Gap,  frequently  shows  lustrous  cleavage  faces  5  to  6 
inches  in  diameter  and  of  rounded  irregular  outline.  Some  of  the  more 
talcose  portions  of  this  rock  have  been  quarried  for  local  use  in  fire- 
places, etc. 

On  the  east  side  of  South  Toe  River,  about  a  mile  north  of  Bailey 
Mountain,  on  the  western  slope  of  Fawn  Knob,  fine,  scaly,  massive  soap- 
stone  forms  an  outcrop  about  100  feet  wide,  accompanied  by  some 
chlorite.  Belies  of  Indian  quarrying  and  pot-making  are  found  here. 
Typical  laminated  dunite  occurs  in  two  outcrops  one-fourth  mile  north- 
east of  the  soapstone.  Similar  soapstone  also  forms  heavy  ledges  along 
the  eastern  border  of  the  dunite. 

A  large  peridotite  outcrop  occurs  just  north  of  the  ford  of  South  Toe 
River,  7  miles  east  of  Bumsville  and  1^  miles  east  of  Micaville.  The 
greater  part  of  the  rock  is  laminated  dunite,  bearing  some  nickel  stains 
in  the  joints.  By  the  introduction  of  enstatite  it  passes  in  places  into 
harzburgite  and  pyroxenite.  Tlie  outcrop  has  a  maximum  width  of  300 
to  400  feet  and  is  about  one-fourth  mile  long.  A  large  part  of  the 
surface  is  barren  and  rocky. 

PERIDOTITES    IN    MITCHELL   COUNTY. 

An  oval  mass  of  dimite  about  300  by  600  feet  occurs  on  the  "  Woody 
place,"  2  miles  south  of  Bakersville,  forming  a  very  barren  rocky  hill- 
side. Much  of  the  rock  is  laminate<l,  and  the  outcrop  has  an  appearance 
very  similar  to  that  at  Webster,  and  also  to  the  locality  last  described. 
A  little  enstatolite  is  found,  and  chalcedony,  both  cellular  and  compact 
translucent,  is  scattered  over  the  surface.  Nickel  silicates  occur  in  thin 
incrustations,  and  chromite  is  sparingly  disseminated  through  the  rock. 
One  mile  south  of  Bakersville  a  small  mass  of  dunite  outcrops  in  and  near 
the  road.  Another  small  outcrop,  represented  by  a  surface  exposure 
chiefly  of  soapstone  with  a  little  peridotite,  is  found  in  the  western  border 
of  the  town  of  Bakersville,  just  north  of  the  road  leading  down  Cane 
Creek. 

Pyroxenite  (enstatolite)  about  20  feet  wide,  with  radial  borders,  has 
been  prospected  for  asbestos  on  White  Oak  Creek,  li  miles  southeast  of 
Bakersville.  Fragments  and  small  crystals  of  corundum  are  found  on 
the  surface.  Similar  rock  is  said  to  occur  one-half  mile  northeast  of  tliis 
locality.  Talc-schist,  still  partly  retaining  the  structure  of  pyroxenite, 
outerops  with  a  width  of  about  100  feet  at  Cane  Creek  oburoli,  3^  miles 
east  of  Bakersville. 
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Dunite  occurs  in  a  small  mass  near  the  summit  of  Grassy  Ridge  Bald, 
7  miles  northeast  of  Bakersville  and  one  mile  from  the  State  line.  Three 
miles  south  of  this  a  large  barren  outcrop  is  said  to  occur  near  the  head 
of  Henson  Creek.  Further  down  the  creek,  li  miles  from  its  mouth, 
outcrops  of  talc-schist  occur. 

A  large,  irregular  area  of  dunite  occurs  along  the  North  Toe  Eiver 
between  the  mouths  of  Squirrel  and  Roaring  creeks,  6  miles  south  of 
Cranberry.  The  outcrop  is  150  to  200  feet  wide  and  nearly  a  mile  in 
length.  Chromite  forms  large,  irregular  masses  in  some  portions  of 
the  rock,  and  chrysotile  is  developed  in  long  fibers  near  the  north  end 
of  the  exposure,  just  below  the  mouth  of  Squirrel  Creek.  A  small  dunite 
mass  occurs  near  the  river  on  the  west  side,  one-half  mile  north  of  the 
mouth  of  Squirrel  Creek,  and  a  larger  area  is  exposed  a  mile  east  of  this 
on  the  western  slope  of  Haw  Mountain.  An  enstatite-talc  outcrop  also 
occurs  near  the  head  of  Squirrel  Creek,  at  Lineback. 

At  Bellvue,  on  the  summit  of  Fork  Mountain,  2  miles  south  of  Cran- 
berry, dunite  again  appears  in  an  outcrop  about  200  feet  wide,  largely 
altered  to  serpentine  and  talc.  A  strip  of  talc  can  be  traced  about  one- 
fourth  mile  north  of  the  principal  outcrop. 

For  a  distance  of  16  miles  northeast  of  Cranberry  no  peridotites  or 
similar  magnesian  rocks  have  been  found.  The  region  is  occupied  by 
irregular  areas  of  gneiss  and  the  less  metamorphic  rocks  of  the  "  Ocoee  " 
formation,  all  intensely  folded  and  faulted.  Massive  igneous  rocks  of 
granitic  and  dioritic  aspect  also  occur. 

PERIDOTITES  IN  WATAUGA  COUNTY. 

Dunite  forms  a  small  outcrop  near  the  road  2^  miles  west  of  Boone, 
on  the  headwaters  of  Brushy  Fork.  From  this  point  northward,  dis- 
connected masses  of  peridotite  and  pyroxenite  (enstatolite)  occur  at 
short  intervals  along  the  upturned  edges  of  the  gneisses  on  the  western 
slopes  of  Rich  Mountain  for  a  distance  of  4  miles.  Pyroxenite  predom- 
inates in  most  of  these  outcrops,  and  it  is  usually  much  altered  to  talc; 
but  dunite  occurs  in  an  outcrop  100  feet  wide,  5  miles  northwest  of 
Boone  in  a  direct  line,  and  one-half  mile  west  of  the  gap  in  Rich  Moun- 
tain through  which  the  road  passes.  The  rock  forms  a  prominent  point 
of  a  mountain  spur  near  the  road.  A  heavy  outcrop  of  enstatolite  occurs 
along  the  eastern  border  of  it.  Large  masses  of  chromite  occur  in  the 
dunite,  and  a  little  mining  has  been  done  here,  as  described  by  Mr.  H. 
B.  C.  Xitze.' 

*  Bulletin  North  Carolina  Geol.  Survey,  No.  1,  1893,  p.  212. 
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most  easterly  outcrops  near  Balsam  Gap,  Jackson  County,  but  the  talc 
is  coarser  than  the  enstatite  there  and  in  larger  proportion.  The  olivine, 
like  that  of  Balsam  Gap,  frequently  shows  lustrous  cleavage  faces  5  to  6 
inches  in  diameter  and  of  rounded  irregular  outline.  Some  of  the  more 
talcose  portions  of  this  rock  have  been  quarried  for  local  use  in  fire- 
places, etc. 

On  the  east  side  of  South  Toe  River,  about  a  mile  north  of  Bailey 
Mountain,  on  the  western  slope  of  Fawn  Knob,  fine,  scaly,  massive  soap- 
stone  forms  an  outcrop  about  100  feet  wide,  accompanied  by  some 
chlorite.  Belies  of  Indian  quarrying  and  pot-making  are  found  here. 
Typical  laminated  dunite  occurs  in  two  outcrops  one-fourth  mile  north- 
east of  the  soapstone.  Similar  soapstone  also  forms  heavy  ledges  along 
the  eastern  border  of  the  dunite. 

A  large  peridotite  outcrop  occurs  just  north  of  the  ford  of  South  Toe 
River,  7  miles  east  of  Bumsville  and  1^  miles  east  of  Micaville.  The 
greater  part  of  the  rock  is  laminated  dunite,  bearing  some  nickel  stains 
in  the  joints.  By  the  introduction  of  enstatite  it  passes  in  places  into 
harzburgite  and  pyroxenite.  Tlie  outcrop  has  a  maximum  width  of  300 
to  400  feet  and  is  about  one- fourth  mile  long.  A  large  part  of  the 
surface  is  barren  and  rock  v. 

PERIDOTITES    IN    MITCHELL   COUNTY. 

An  oval  mass  of  dunite  about  300  by  600  feet  occurs  on  the  "  Woody 
place/'  2  miles  south  of  Bakersviile,  forming  a  very  barren  rocky  hill- 
side. Much  of  the  rock  is  laniinate<l,  and  the  outcrop  has  an  appearance 
very  similar  to  that  at  Webster,  and  also  to  the  locality  last  described. 
A  little  enstatolite  is  found,  and  chalcedony,  both  cellular  and  compact 
translucent,  is  scattered  over  the  surface.  Nickel  silicates  occur  in  thin 
incrustations,  and  chromite  is  sparingly  disseminated  through  the  rock. 
One  mile  south  of  Bakersviile  a  small  mass  of  dunite  outcrops  in  and  near 
the  road.  Another  small  outcrop,  represented  by  a  surface  exposure 
chiefly  of  soapstone  with  a  little  peridotite,  is  found  in  the  western  border 
of  the  town  of  Bakersviile,  just  north  of  the  road  leading  down  Cane 
Creek. 

Pyroxenite  (enstatolite)  about  20  foot  wide,  with  radial  borders,  has 
been  prospected  for  asbestos  on  White  Oak  Creek,  li  miles  southeast  of 
Bakersviile.  Fragments  and  small  crystals  of  corundum  are  found  on 
the  surface.  Similar  rock  is  said  to  occur  one-half  mile  northeast  of  this 
locality.  Tjalc-schist,  still  partly  retaining  the  structuro  of  ])yroxonite, 
outcrops  witli  a  width  of  about  100  foet  at  Cane  Crook  ohunh,  'Ai  miles 
east  of  Bakersviile. 
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eastward  in  the  bend  of  Little  River  above  the  mouth  of  Pine  Swamp 
Creek. 

An  olivine-talc  rock,  or  peridosteatite,  which  is  doubtless  an  altered 
harzburgite,  occurs  in  a  large  outcrop  at  the  head  of  Glade  Creek,  2  miles 
south  of  Sparta.  It  closely  resembles  the  rock  of  this  nature  found  at 
Sapphire,  at  the  Madison  County  home,  and  elsewhere.  Talc  largely 
predominates  throughout  the  mass,  and  is  almost  the  sole  constituent  of 
the  rock  where  it  tapers  to  a  point  at  the  eastern  extremity.  It  has  been 
quarried  as  soapstone  for  local  use  in  fire-places,  etc.  Westward  it  broad- 
ens and  becomes  oli vine-bearing,  though  talc  still  largely  predominates. 
Some  carbonates  are  developed  through  the  mass,  and  most  of  the  rock 
is  somewhat  laminated.  The  weathered  surfaces  are  often  knotty,  like 
the  peridosteatite  west  of  Philadelphia,  from  the  projecting  masses  of 
olivine.  Chlorite  is  considerably  developed  in  scaly  aggregates  and  plates 
up  to  2  inches  in  diameter.  Radiating  actinolite  occurs  in  clusters  of 
green  crystals  in  portions  of  the  talc. 

A  peridosteatite  very  similar  to  the  last,  except  that  olivine  is  the  pre- 
dominant constituent,  forms  an  oval  mass  200  by  400  feet  in  area,  4 
miles  northeast  of  Sparta  and  half  a  mile  southeast  of  Edwards  Cross 
Roads,  just  north  of  Little  River.  A  grayish,  radiating  mineral,  in  com- 
pact mass,  probably  anthophyllite  or  cummingtonite,  and  more  or  less 
chlorite  are  developed  here.  A  mile  eastward,  across  the  river,  the  same 
kind  of  rock  occurs,  with  rather  more  knotty  talc  and  more  of  the  radiating 
mineral.  Another  similar  mass  occurs  one-fourth  mile  farther  eastward, 
continuing  for  half  a  mile  up  to  "  Bald  Hill,"  where  it  forms  a  barren 
knob.  The  rock  here  contains  much  talc  with  the  habit  of  coarse-bladed 
enstatite.  The  proportion  of  olivine  to  talc  varies  considerably,  almost 
producing  the  pure  types  of  both  in  some  portions  of  the  mass.  Some 
green  nickel  stains  were  observed. 

Talc,  with  cavities  containing  ocherous  residue,  possibly  from  weather- 
ing out  of  olivine,  forms  an  outcrop  150  feet  wide  at  Ennis,  2i  miles 
east  of  the  above,  on  Crab  Creek  1  mile  above  its  mouth.  The  inclosing 
rock  is  mica-schist  with  some  gneissic  laminae.  Two  and  one-half  miles 
northeastward  peridosteatite  composed  of  about  equal  parts  of  olivine 
and  talc  forms  a  laminated  outcrop  about  200  feet  wide,  extending  across 
the  State  line  into  Virginia.  It  is  said  to  occur  in  several  places  between 
this  place  and  Ennis,  and  is  known  at  intervals  northeastward  for  15 
miles  in  Virginia. 
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PHYSIOGRAPHY    AND    ECOLOGY    OF    THE    PERIDOTITES. 

The  pcridotite  outcrops,  though  very  numerous  in  certain  sections,  are 
not  sufficiently  large  to  have  any  marked  effect  upon  the  general  physio- 
graphic characters  of  the  region.  The  geologist  and  the  prospector  soon 
recognize  certain  features,  however,  as  more  or  less  characteristic 
and  often  find  them  useful  in  determining  the  location  and  extent  of  the 
outcrops.  These  features  may  he  conveniently  classified  under  three 
heads:  (1)  topographic  forms;  (2)  superficial  aspects;  (3)  ecology, 

TOPOGRAPHIC    FORMS. 

The  massive  periodites  are  considerably  more  resistant  to  the  forces  of 
denudation  than  the  enclosing  gneivsses,  and  hence  the  larger  outcrops 
frequently  form  prominent  little  knobs  and  peaks  when  they  occur  on 
the  crests  of  hills  or  mountains,  and  cliffs  or  the  points  of  projecting 
spurs  when  on  the  slopes.  Where  the  outcrops  occur  in  the  valleys  they 
often  constitute  the  backbones  of  little  hills  and  ridges  that  stand  notice- 
ably above  the  general  level  of  the  adjacent  gneisses. 

When,  however,  the  outcrops  are  very  narrow  and  much  sheared,  as 
they  frequently  are  when  narrow,  instead  of  producing  forms  that  indi- 
cate a  high  degree  of  resistance,  they  mark  pfanes  of  evident  weakness 
in  the  rocks.  On  this  account  such  thin  strips  are  sometimes  very  diffi- 
cult to  trace  by  their  outcro])s,  as  they  are  generally  followed  by  little 
valleys  and  cross  the  ridges  in  low  gaps.  In  such  cases  the  peridotite 
is  usually  too  thin  to  have  any  appreciable  effect  upon  the  topography; 
while,  on  the  other  hand,  it  occupies  a  shear  zone  in  the  gneisses,  along 
which  faulting  and  crushing  have  taken  place  so  extensively  as  greatly 
to  impair  the  normal  resistance  of  the  gneisses  themselves. 

These  narrow  strips  sometimes  connect  the  larger  lenticular  masses 
with  one  another  in  a  continuous  line  for  several  miles;  and  hence  the 
prominences  due  to  the  larger  bodies  of  peridotites  often  alternate,  along 
the  line  of  outcrop,  with  depressions  of  the  surface,  in  which  the  thin 
strips  of  the  peridotites  or  their  sheared  alteration  products  may  be  seen 
at  intervals  where  exposed  by  the  wash  of  the  streams. 

Similar  weakness  of  the  gneisses  from  shearing  causes  unusually  deep 
decay  about  the  borders  of  the  larger  peridotite  masses,  thus  favoring 
rapid  erosion  and  emphasizing  still  more  the  contrast  of  the  gneisses 
with  the  more  resistant  peridotites. 

Another  topographic  form  produced  to  a  certain  extent  by  the  perido- 
tites is  that  resulting  from  landslides.  On  the  gentle  slopes  of  the 
southern  Appalachians  landslides  of  great  magnitude  never  occur,  and 


62         CORUNDUM  AND  PERIDOTITES  OF  WESTERN  NORTH  CAROLINA. 

even  small  ones  are  rare.  Two  miles  southwest  of  Balsam  Gap,  Jackson 
County,  however,  on  a  mountain  side,  both  above  and  below  the  railroad, 
may  be  seen  several  small  but  well-marked  landslides  in  the  peridotites 
(PL  XV,  B).  The  rock  of  this  outcrop  is  harzburgite,  and  the  large 
amount  of  talc  formed  from  the  alteration  of  the  enstatite,  and  possibly 
from  the  olivine  also,  has  made  the  joint  planes  and  planes  of  contact 
with  the  gneisses  exceedingly  slippery.  The  talcose  belts  are  also  prac- 
tically impervious  to  water,  and  the  ground-water  naturally  accumulates 
along  them,  still  further  reducing  the  friction. 

These  have  undoubtedly  been  the  chief  causes  of  instability,  for  tlie 
gneisses,  even  on  steeper  slopes,  have  remained  perfectly  firm.  This  view 
is  further  confirmed  by  the  experience  of  the  miners  in  working  the 
corundum  deposits  that  are  often  associated  with  the  peridotites.  In 
sinking  shafts,  and  more  particularly  in  tunneling,  it  is  found  very  diffi- 
cult to  timber  the  workings  safely  on  account  of  the  tendency  of  the 
peridotites  to  slip  along  these  lubricated  joints. 

SUPERFICIAL  ASPECTS  OF  THE  PERIDOTITES. 

The  barren,  rocky  surface  and  the  characteristic  dull-brown  color  often 
render  the  peridotite  outcrops  somewhat  conspicuous,  particularly  in  a 
region  that  is  almost  universally  covered  with  soil  which  bears  abundant 
vegetation  in  forest  and  field.  Where  the  slopes  are  steep  enough  to 
expose  occasional  cliffs  of  gneiss,  the  light-gray  color  of  these  rocks  suffi- 
ciently distinguishes  them  from  the  rusty  peridotites,  even  when  seen  at 
a  distance. 

The  weathering  of  olivine  (its  decomposition  on  exposure  to  the 
weather)  produces  hydrous  iron  sesquioxide  (limonite),  silica  (both 
quartz  and  chalcedony),  and  the  carbonates  of  iron  and  magnesium. 
Most  of  the  carbonates  are  usually  carried  away  in  solution.  The  ocher- 
ous  residuum  forms  a  soil  incapable  of  supporting  a  vegetable  cover,  and 
hence  rapidly  washes  away,  leaving  most  of  the  outcrop  bare  (Pis.  IX,  XI, 
XII,  and  XXV).  Erosion  is  also  frequently  accelerated  by  the  elevation 
of  the  prominences  and  steepness  of  the  slopes  formed  by  the  perido- 
tites. 

Scores  of  illustrations  of  this  marked  barrenness  of  surface  might  be 
enumerated  from  the  great  belt  of  peridotites  that  stretches  from  Ala- 
bama into  the  Gaspe  Peninsula  and  to  the  western  shores  of  Xewfound- 
land.  A  few  quotations  from  published  descriptions  of  some  of  the  most 
prominent  areas  will  serve  to  emphasize  this  striking  characteristic. 
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Mr.  E.  W.  Ells,  in  a  ^*  Report  on  explorations  and  surveys  in  the 
interior  of  the  Gasp^  peninsula,  1883,^'  says :  *° 

Among  the  prominent  features  of  the  Shickshock  range  are  the  two  barren 
hills  of  serpentine,  the  one  on  the  eastern  extremity,  overlooking  the  forks  of 
the  Ste.  Anne  River,  and  known  as  Mount  Albert;  the  other  12  miles  west,  on 
the  Solomon  branch,  and  called  by  Sir  W.  E.  Logan  the  South  Mountain. 

In  the  same  report  Mr.  A.  P.  Low  adds  the  following  description  of 
the  appearance  of  Mount  Albert :  *^ 

The  summit  is  3,000  feet  above  the  bed  of  the  river  and  1^  miles  distant. 
The  top  of  Mount  Albert  is  flat,  and  is  rent  by  a  deep  gorge  on  the  east  side, 
which,  near  its  head,  splits  into  several  smaller  ones.  The  sides  of  the  gorges 
are  quite  destitute  of  vegetation,  and  the  bare  serpentine  rocks  are  weathered 
to  a  light  buff  color.  On  top  of  the  mountain  blocks  of  serpentine  are  scat- 
tered around,  and  are  partially  covered  by  a  thick  growth  of  mosses  and 
lichens.  Sheltered  places  are  occupied  by  a  stunted  growth  of  black  spruce 
{Abies  nigra),  which  rarely  attains  a  height  of  ten  feet.  The  whole  surface 
has  a  dead  appearance,  and  reminds  one  of  the  pictures  of  the  moon. 

Mr.  Low  describes  the  rocks  as  "  chiefly  olivine  more  or  less  changed 
into  dark  green  serpentine."  All  the  rock  seen  on  Mount  Albert  was 
altered  into  serpentine." 

Mr.  William  Glenn  "  describes  the  appearance  of  the  great  serpentine 
areas  about  the  Black  Lake  mines  of  Quebec  as  follows : 

For  fifteen  minutes  before  reaching  Black  lake,  it  is  noticed  that  the  train 
is  moving  through  a  low,  mountainous  country  which  presents  a  barren  and 
inhospitable  aspect.  If  he  be  at  all  familiar  with  such  a  landscape  as  is  before 
him,  he  will  be  convinced  that  he  is  passing  through  a  comparatively  enor- 
mous field  of  serpentine.  Such  distressing  poverty  of  foliage,  the  sharp  crest 
lines  of  bleak  and  bare  hills,  such  want  of  animate  nature,  all  are  expressive 
of  that  poverty  of  soil  (and  of  no  soil)  typical  of  those  rocks.  But  as  the 
climate  is  cold  and  moist,  the  whole  region  is  carpeted  with  cryptogamous 
plants,  the  lowly  organisms  which  ask  so  little  of  mother  earth.  .  .  .  One 
here  is  passing  through  the  chromic  iron  field;  and  just  beyond  ....  the 
great  asbestos  (chrysotile)  quarries  come  into  view. 

The  numerous  serpentine  areas  of  southeastern  Pennsylvania  and 
Marvland  were  well  characterized  bv  Mr.  J.  Finch  "  nearlv  a  century 
ago  in  describin/i  the  sori)entine  areas  about  West  Chester,  Pennsylvania: 

It  [serpentine]  is  universally  distinguished  by  its  sterility,  and  the  fields 
where  it  occurs  have  received  the  emphatic  title  of  "  Barrens." 

The  well-known  Bare  Hills  near  Baltiiiion?  are  serpentine  hills,  and 

'^Geol.  Survey,  Canada,  Report  of  Trogress,  1882:5-4,  pp.  1-34E. 

"  Ibid.,  p.   7I<\ 

"Ibid.,  p.  19F. 

"  Seventeenth  Ann.  Kept.  V.  S.  C.eol.  Survey,  1805-6,  Pt.  Ill,  p.  271. 

"Am.  Jour.  Sci.,  Ist  series.  Vol.  XIV,  1828,  pp.  15-18. 
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Dunite  occurs  in  a  small  mass  near  the  summit  of  Grassy  Ridge  Bald, 
7  miles  northeast  of  Bakersville  and  one  mile  from  the  State  line.  Three 
miles  south  of  this  a  large  barren  outcrop  is  said  to  occur  near  the  head 
of  Henson  Creek.  Further  down  the  creek,  li  miles  from  its  mouth, 
outcrops  of  talc-schist  occur. 

A  large,  irregular  area  of  dunite  occurs  along  the  North  Toe  Eiver 
between  the  mouths  of  Squirrel  and  Roaring  creeks,  6  miles  south  of 
Cranberry.  The  outcrop  is  150  to  200  feet  wide  and  nearly  a  mile  in 
length.  Chromite  forms  large,  irregular  masses  in  some  portions  of 
the  rock,  and  chrysotile  is  developed  in  long  fibers  near  the  north  end 
of  the  exposure,  just  below  the  mouth  of  Squirrel  Creek.  A  small  dunite 
mass  occurs  near  the  river  on  the  west  side,  one-half  mile  north  of  the 
mouth  of  Squirrel  Creek,  and  a  larger  area  is  exposed  a  mile  east  of  this 
on  the  western  slope  of  Haw  Mountain.  An  enstatit^-talc  outcrop  also 
occurs  near  the  head  of  Squirrel  Creek,  at  Lineback. 

At  Bellvue,  on  the  summit  of  Fork  Mountain,  2  miles  south  of  Cran- 
berry, dunite  again  appears  in  an  outcrop  about  200  feet  wide,  largely 
altered  to  serpentine  and  talc.  A  strip  of  talc  can  be  traced  about  one- 
fourth  mile  north  of  the  principal  outcrop. 

For  a  distance  of  16  miles  northeast  of  Cranberry  no  peridotites  or 
similar  magnesian  rocks  have  been  found.  The  region  is  occupied  by 
irregular  areas  of  gneiss  and  the  less  metamorphic  rocks  of  the  "  Ocoee  " 
formation,  all  intensely  folded  and  faulted.  Massive  igneous  rocks  of 
granitic  and  dioritic  aspect  also  occur. 

PERroOTITES   IN  WATAUGA  COUNTY. 

Dunite  forms  a  small  outcrop  near  the  road  2^  miles  west  of  Boone, 
on  the  headwaters  of  Brushy  Fork.  From  this  point  northward,  dis- 
connected masses  of  peridotite  and  pyroxenite  (cnstatolite)  occur  at 
short  intervals  along  the  upturned  edges  of  the  gneisses  on  the  western 
slopes  of  Rich  Mountain  for  a  distance  of  4  miles.  Pyroxenite  predom- 
inates in  most  of  these  outcrops,  and  it  is  usually  much  altered  to  talc; 
but  dimite  occurs  in  an  outcrop  100  feet  wide,  5  miles  northwest  of 
Boone  in  a  direct  line,  and  one-half  mile  west  of  the  gap  in  Rich  Moun- 
tain through  which  the  road  passes.  The  rock  forms  a  prominent  point 
of  a  mountain  spur  near  the  road.  A  heavy  outcrop  of  enstatolite  occurs 
along  the  eastern  border  of  it.  Large  masses  of  chromite  occur  in  the 
dunite,  and  a  little  mining  has  been  done  here,  as  described  by  Mr.  H. 
B.  C.  Xitze.' 

•  Bulletin  North  Carolina  Geol.  Survey,  No.  1,  1893,  p.  212. 


CHAPTER  III. 

PETROGRAPHY  OF  THE  PERIDOTITES  AND  ASSOCIATED 

BASIC  MAGNESIAN  ROCKS. 

In  the  petrographic  studies  following  no  attempt  has  been  made  to 
describe  minutely  the  characters  of  all  the  outcrops  of  peridotites  and 
related  rocks  that  were  visited  and  mapped. 

The  field  work  was  begun  in  the  southern  part  of  the  belt,  where  the 
largest  and  most  important  outcrops  occur ;  and  hence  the  more  detailed 
and  complete  studies  of  some  of  the  areas  of  this  region,  particularly  the 
Buck  Creek,  Corundum  Hill,  and  Webster  areas.  In  general,  thin  sec- 
tions were  prepared  from  only  occasional  t}'pical  rocks  of  other  localities, 
or  from  such  interesting  facies  as  were  encountered  from  time  to  time  in 
the  field  work. 

SHOOTING    CREEK    REGION,    CLAY   COUNTY. 

A  mass*  of  peridotite  extends  from  near  Elf,  southwestward  about  3 
miles,  across  Shooting  Creek  (see  map,  fig.  1,  p.  37).  A  smaller  mass 
1^  miles  long  lies  just  east  of  the  southern  portion  of  this.  Dunite,  py- 
roxenite,  amphibole-peridotite,  amphibolite,  and  gabbro  occur  in  these 
outcrops.  So  far  as  these  have  been  studied  in  thin  section,  their  de- 
scriptions are  given  below. 

About  5  miles  east  of  Elf  a  line  of  peridotite  outcrops  passes  near 
Shooting"  Creek  post-office,  extending  somewhat  disconnectedly  from 
about  the  junction  of  Eagle  and  !^^llsk^at  forks  southwestward  across 
Shooting  Creek  mountains  and  down  Bell  Creek  into  Towns  County, 
Georgia. 

ELF  DUNITE. 

The  sections  were  prepared  from  specimens  collected  near  Samuel 
Hogsed's  near  the  middle  of  the  larger  area,  shown  on  the  map  (fig.  1). 

Megascopic  characters. — The  rock  is  of  medium-  to  fine-grained  tex- 
ture, and  varies  in  color  from  dark-green  to  light  yellowish  green.  Broad 
refiecting  surfaces  due  to  the  cleavage  of  the  olivine  indicate  approxi- 
mately the  size  of  some  of  the  original  grains  that  have  become  fractured 
into  the  present  fine-grained  condition.     Small  granules  of  chromite  are 
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visible  in  the  hand  specimen,  and  also  occasional  slender  needles  of 
cummingtonite  or  tremolite/ 

Microscopic  characters. — The  granular  olivine  shows  a  little  alteration 
to  yellow  serpentine  around  the  borders  and  along  the  fissures  of  the 
grains.  The  serpentine  varies  in  amount  in*  different  sections  from  slight 
traces  to  about  one-fourth  of  the  rock.  The  slender  amphibole  needles 
exhibit  the  characteristic  cross-fracturing,  and  basal  sections  show  the 
amphibole  cleavage.  Some  of  them  penetrate  the  grains  of  olivine, 
and  have  evidently  been  developed  at  the  expense  of  the  latter. 
Clusters  and  irregular  grains  of  carbonates  are  occasionally  seen  under 
the  microscope.  These  sometimes  surround  the  magnetite  granules  and 
aggregates  of  magnetite  segregated  from  the  altering  olivine,  and  occa- 
sionally even  enclose  ^rrains  of  the  olivine  itself.  The  chromite  is  usually 
in  smaller  grains  than  the  olivine,  and  frequently  exhibits  a  characteristic 
coffee-brown  translucence  on  the  thin  edges  or  in  fractured  particles. 
Secondary  magnetite,  separated  from  the  olivine  in  the  process  of  ser- 
pentinization,  forms  numerous  small,  irregular  grains  and  clusters  among 
the  serpentine. 

ELF   AMPHIBOLE-PERIDOTITE. 

The  sections  were  made  from  fresh  material  taken  from  the  Ledford 
tunnel,  about  IJ  miles  southwest  of  Elf. 

Megascopic  cliaractcrs. — These  vary  from  that  of  a  coarse  dappled 
rock,  consisting  of  large,  pale-green  olivine  grains  in  a  compact  dark- 
green  ground,  to  the  massive,  dark-green  rock  in  which  only  a  few  scales 
of  chlorite  and  minute  light  colored  veins  are  recognizable  by  the  unaided 
eye. 

Microscopic  characters. — The  microscope  shows  the  coarse-grained 
dappled  rock  to  be  remarkably  fresh.  The  large  olivine  grains  are  only 
sliglitly  altered  along  the  borders  and  cracks  to  greenish  yellow  serpen- 
tine. Many  of  the  grains  show  a  highly  developed  cleavage,  and  ser- 
pentinization  is  often  well  advanced  along  these  planes  when  entirely 
absent  from  the  irregular  fissures  in  the  same  individual.  The  only 
other  original  constituent  of  importance  is  pale-green  to  colorless  actino- 
litic  amphibole,  which  occurs  abundantly  in  grains  and  elongated 
prismatic  individuals.     Both  the  olivine  and  aetinolite  frequently  con- 

^  Id  this  and  in  all  similar  rocks  described  in  this  chapter,  the  colorless  amphlboles 
occur  in  relations  exactly  analogous  with  those  of  Corundum  Hill  and  the  Sapphire 
area,  described  in  the  following  pages,  where  there  Is  strong  evidence  that  these 
slender  glistening  needles,  when  monocllnic,  are  cummingtonite  and  not  tremolite. 
Optically  they  are  Identical,  and  a  delicate  chemical  test  is  necessary  to  distinguish 
between  them  as  they  occur  In  the  mass  of  the  rock.      (See  also  p.   124.) 
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tain  small,  rounded  and  oval  grains  of  yellowish  pieotite  and  green 
pleonaste. 

The  secondar}'  minerals  observed,  besides  the  small  amount  of  serpen- 
tine described  above,  consist  of  onlv  a  few  laths  of  chlorite  and  numerous 
small  grains  of  magnetite.  In  the  darker  and  more  altered  portions  of 
the  rock,  however,  there  is  great  development  of  chlorite.  In  fact,  this 
mineral  entirely  replaces  the  amphibole  in  some  sections  and  shows  con- 
siderable encroachment  upon  the  olivine.  In  these  there  is  also  much 
more  secondary  magnetite  segregated  into  clusters. and  streaks  through 
the  other  secondary  minerals. 

ELF  TROCTOLITE. 

The  sections  here  described  were  made  from  specimens  collected  on  the 
eastern  border  of  the  smaller  peridotite  area  (see  fig.  1)  one-half  mile 
south  of  Hogsed's. 

Megascopic  characters. — The  rock  is  distinctly  banded,  being  composed 
of  dark-green,  compact  layers  from  one-sixteenth  inch  to  2  or  3  inches 
thick,  alternating  with  the  very  light-colored  to  almost  pure  white  layers 
of  one-sixteenth  to  one-fourth  inch  in  thickness. 

Microscopic  characters. — The  original  minerals  of  the  dark  bands  are 
found  to  be  olivine  and  occasional  plates  of  hypersthene,  and  of  the 
li^ht-colored  bands  a  plagioclase  feldspar,  probably  anorthite.  The 
olivine  exhibits  the  characteristic  appearance  of  the  peridotites,  a  uni- 
form granular  texture,  somewhat  altered  to  serpentine,  and  in  places 
passing  over  almost  entirely  into  the  secondary  mineral.  The  enstatite, 
though  less  abundant  than  the  olivine,  occurs  in  much  larger  individuals, 
and  appears  typically  in  broad  plates  with  well  developed  prismatic 
cleavage  and  marked  pleoohroism.  The  feldspar  shows  but  little  clouding 
or  tendoncv  to  kaolinization. 

More  important  than  the  essential  constituents,  however,  in  some 
sections,  are  the  peculiar  groups  of  subordinate  minerals  along  the  con- 
tacts of  the  olivine  and  the  feldspar.  Three-ply  corrosion  mantles  of 
remarkable  extent  have  been  developed  in  these  places;  but  as  similar 
phenomena  are  more  fully  described  in  connection  with  the  Buck  Creek 
trortolites  (see  p.  79),  these  will  be  Imt  briefly  referred  to  here.  The 
three  zones  or  layers  of  minerals  composing  these  mantles,  beginning 
with  that  next  the  olivine,  are:  (1)  enstatite,  which  is  developed  in 
broad  plates  in  many  places,  with  the  characteristic  optical  properties  of 
the  species:  (2)  diopside,  in  smaller  individuals,  but  distinct;  (3)  finely 
fibrous,  pale-green  amphibole,  intimately  intermingled  with  pleonaste. 
The  spinel  minerals  present  a  series  ranging  in  color  from  the  dark 
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brown  of  picotite  to  the  light  green  of  pleonaste,  but  only  the  latter 
occurs  in  the  finely  vermiculate  form  intermingled  with  the  fibrous 
amphibole  of  the  corrosion  mantles. 

These  corrosion  minerals  are  often  developed  to  the  entire  replacement 
of  either  the  olivine  or  the  feldspar,  when  one  of  these  had  occurred  in 
unusually  small  amount.  Small  grains  and  ragged  patches  of  pleonaste 
are  also  frequently  found  in  large  numbers  in  the  feldspar  and  olivine 
adjacent  to  these  corrosion  products  along  the  contacts.* 

ELF   AMPHIBOLITE. 

Amphibolite,  passing  into  diorite  facies  and  accompanied  by  gabbro 
and  gabbro-diorite,  occurs  in  a  number  of  dikes  cutting  the  peridotites 
and  adjoining  gneisses  at  Elf,  on  Shooting  Creek,  Clav  County  (see 
fig.  1). 

Megascopic  characters, — The  rock  is  frequently  schistose,  and  varies 
in  color  from  light  greenish  gray  to  greenish  black ;  typically  it  is  grass- 
green  to  emerald-green.  With  the  introduction  of  an  appreciable  amount 
of  feldspar,  the  color  naturally  becomes  much  lighter.  Corundum,  usu- 
ally pink  to  ruby-red  in  color,  though  sometimes  white,  gray,  and  blue, 
is  frequently  present  in  visible  grains  and  irregular  cleavable  masses  up 
to  2  or  3  inches  in  diameter.  The  contrast  of  bright  green  and  red, 
even  on  exposed  surfaces  of  the  rock,  is  very  striking  and  beautiful. 

Microscopic  characters. — Pale-green  to  colorless  amphibole  is  the  chief 
constituent  in  most  of  the  sections,  although  feldspar  is  often  present  in 
small  amounts  and  sometimes  forms  as  much  as  half  the  bulk  of  the 

'  For  comparison  a  brief  description  of  the  microscopic  characters  of  the  troctolltc 
occurring  on  Brasstown  Creek,  In  Towns  County,  Georgia,  about  7  miles  southwest  of 
Elf  and  1%  miles  north  of  Young-Harris,  Is  here  given. 

Microscopic  characters. — The  section  is  over  half  composed  of  olivine,  which  is 
slightly  altered  to  yellowish  serpentine,  especially  along  the  cleavage  cracks.  The 
serpentine  contains  numerous  magnetite  granules,  particularly  along  the  central  por- 
tions, marking  the  position  of  the  original  cracks.  Plagloclase  feldspar  (probably 
anorthlte)  occurs  In  only  a  few  large  remnants.  Large  areas  of  It  have  been  entirely 
replaced  by  the  corrosion  products.  Occasional  grains  of  brown  translucent  picotite 
occur. 

The  corrosion  mantles  are  only  two-ply  In  this  rock,  and  consist  of  (1)  enstatlte  in 
broad  plates  next  the  olivine,  usually  nearly  colorless ;  (2)  pale-green  monoclinlc 
amphibole,  in  slender  needles  and  narrow  laths,  usually  slightly  pleochrolc  In  greenish 
and  yellowish  tones,  and  always  associated  with  much  pleonaste  in  parallel  arrange- 
ment and  Irregularly  Intermingled.  As  olivine  preponderates  over  the  feldspar  in  this 
rock,  the  latter  is  often  entirely  replaced  by  the  corrosion  minerals.  In  such  cases, 
the  **  nests "  of  minerals  replacing  the  feldspar  consist,  in  some  cases,  of  enstatlte 
alone ;  in  others,  enstatlte  forms  the  border  next  the  olivine,  with  amphibole  in  the 
center.  Picotite  grains  surrounded  by  the  corrosion  minerals  show  a  gradual  transition 
from  the  dark-brown  color  In  the  central  portions  to  the  light-green  of  pleonaste  about 
the  borders ;  among  the  olivine,  picotite  does  not  show  this  character. 
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rock.  Corundum  is  often  present,  varying  in  size  from  minute  micro- 
scopic particles  to  large  cleavable  grains,  and  is  usually  colorless.  The 
corundum  is  as  variable  in  quantity  as  in  size  of  grains;  in  most  of 
the  sections  it  is  either  absent  altogether  or  is  found  only  in  minute 
grains,  but  occasionally  it  occurs  in  such  abundance  as  to  constitute 
more  than  half  the  bulk  of  the  rock.  In  the  latter  case,  the  rock  has 
the  usual  granular  *^  pepper-and-salf  appearance  of  the  feldspathic 
amphibolites,  so  closely  do  the  whitish  corundum  grains  resemble  the 
triclinic  feldspars  that  usually  occur. 

The  amphibole  is  monoclinic,  giving  inclined  extinctions,  c  A  c,  rang- 
ing from  15°  to  20°.  It  usually  forms  elongated  prismatic  individuals, 
which  in  the  majority  of  cases  have  a  parallel  schistose  arrangement. 
Basal  sections  frequently  show  the  development  of  the  unit  prism  (110), 
but  no  terminal  planes  occur.  In  some  cases  of  pronounced  schistosity, 
the  amphibole  shows  a  decided  tendency  to  fibrous  character,  fraying  out 
at  the  ends  and  altering  into  chlorite,  with  the  segregation  of  magnetite 
in  granules  and  clusters.  In  the  distinctly  colored  varieties,  the  ple- 
ochroism  is :  o  =  pale  green  to  coloriess,  B  =  yellowish  green,  c  =  pale 
green,  or  bluish  green  to  coloriess.  The  absorption  is  c  =  B  >  a.  When 
very  light  colored,  pleochroism  is  either  absent  altogether  or  barely  dis- 
cernible. In  all  these  properi;ies  it  agrees  with  the  aluminous  amphibole 
edenite  of  the  Buck  Creek  amphibolite  (p.  82). 

The  feldspar,  when  present,  varies  from  small  scattered  grains  to 
large  coarse-grained  areas,  equal  to  or  exceeding  in  amount  the  amphi- 
bole. It  generally  shows  abundant  multiple  twinning;  and,  in  the  more 
schistose  specimens,  this  is  unusually  developed,  as  well  as  strain  phe- 
nomena and  more  or  less  banding  and  granulation.  The  feldspar  is 
sometimes  distinctly  coarser  grained  than  the  amphibole,  and  frequently 
contains  inclusions  of  the  latter.  Kaolinization  is  almost  entirely  absent. 
In  the  Buck  Creek  amphibolite,  which  is  entirely  similar  to  this,  the 
feldspar  was  found  to  be  anorthite  (see  p.  84). 

The  corundum  grains  are  coloriess  and  entirely  irregular  in  outline. 
The  larger  ones  show  well-marked  cleavage  in  two  directions  approxi- 
mately at  right  angles  to  one  another,  and  frequently  exliibit  the  uniaxial 
cross  and  negative  optical  character  of  the  mineral  in  convergent  polar- 
ized light.  It  shows  the  characteristic  prominent  relief  of  high  mean 
refraction  and  the  low-order  colors  of  weak  double  refraction.  Optical 
anomalies  observed  in  some  sections  are  doubtless  due  to  strain  induced 
by  shearing  movements  in  the  rock. 
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ELF    OABBRO. 

One  specimen  (C12)  collected  with  the  amphibolite  at  the  Ledford 
tunnel,  on  the  western  boundary  of  the  peridotites,  1  mile  southwest  of 
Elf  (fig.  1),  is  a  plagioclase-augite  rock,  which,  in  the  hand  specimen, 
shows  a  mixture  of  almost  equal  amounts  of  fine-grained,  greenish-black, 
and  white  minerals,  and  has  a  distinctly  schistose  structure. 

Microscopic  chardcters, — In  thin  section  the  augite  is  colorless  and 
non-pleochroic,  with  the  characteristic  high  mean  and  double  refraction  of 
the  species.  There  are  no  diallage  characteristics,  and  it  is  more  than 
half  altered  into  a  yellowish  green  amphibole.  The  latter  appears  of 
uniform  granular  texture  where  the  alteration  is  complete,  and  surround- 
ing and  extending  into  the  remaining  portions  of  the  augite.  The  pleo- 
chroism  of  the  amphibole  is :  a  =  light  yellowish  green,  B  =  dark  yellow- 
ish green,  c  =  green.  Absorption :  c  =  B  >  Q.  In  all  other  respects 
the  rock  is  identical  with  the  feldspathic  or  dioritic  facies  of  the  amphibo- 
lites,  described  above. 

The  process  of  alteration  observed  here  is  in  many  respects  similar  to 
that  described  by  Dr.  G.  H.  Williams*  in  the  gabbro-diorites  in  the 
vicinity  of  Baltimore,  Maryland.  The  pyroxene  in  this  case  is  less 
ferriferous,  however,  and  the  change  takes  place  without  the  separation 
of  large  quantities  of  magnetite. 

SHOOTING  CREEK  DUNITE. 

Megascopic  characters, — The  rock  varies  in  appearance  from  the  typi- 
cal, yellowish  green  and  dark-green  granular  dunite  to  a  dark-green, 
compact  or  schistose  chlorite  rock,  in  which  no  other  constituents  are 
recognizable  to  the  unaided  eye.  The  fresher  type  preponderates  in  the 
vicinity  of  Shooting  Creek  post-oflBce;  the  more  altered  compact  rock 
occurs  abundantly  on  Giesky  Creek,  1  to  2  miles  southward. 

Microscopic  characters. — The  granular  dunite  shows,  under  the  micro- 
scope, perfectly  fresh  olivine  with  considerable  development  of  pinacoidal 
cleavage.  In  many  of  the  cracks  and  along  the  borders  of  the  grains, 
small  amounts  of  chlorite  are  developed,  but  no  serpentine.  Magnetite 
granules  are  also  segregated  into  clusters  and  irregular  streaks,  and  fre- 
quently show  a  skeleton  arrangement  (PI.  XXXV,  fig.  1),  surrounded 
by  a  corona  of  irregularly  radiating  chlorite.  Minute  three-ply  veins 
also  occur,  as  shown  in  PI.  XXXV,  fig.  2,  with  chlorite  in  the  middle  and 
a  layer  of  carbonates  on  each  side,  adjoining  the  fissured  olivine,  in 
which  chlorite  is  also  developed  in  the  cracks. 

•Bulletin  U.  S.  Geol.  Survey,  No.  28,  1886,  pp.  40-49. 
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The  darker  compact  rock  appears  under  the  microscope  as  a  dunite 
in  which  one-half  or  more  of  the  olivine  has  altered  into  chlorite.  The 
olivine  is  greatly  fissured  and  often  shows  high  development  of  cleavage. 
The  chlorite,  developing  between  the  grains  and  through  the  fissures, 
appears  in  felted,  scaly  aggregates  or  as  an  interlacing  tangle  of  elon- 
gated lath-shaped  individuals  (PI.  XXXV,  fig.  3).  Magnetite  in  irregu-. 
lar  patches  and  skeleton  aggregates  is  more  abundant  than  in  the  fresher 
rock,  and  carbonates  are  plentiful. 

THUMPING    CREEK    HYPERSTHENITE. 

On  Thumping  Creek,  about  1  mile  from  its  mouth  and  3  miles  east  of 
Shooting  Creek  post-oflBce,  occur  two  dikes  of  very  dark-green,  fine- 
grained hypersthenite,  associated  with  corundum.  The  rock  shows  many 
small,  glistening  cleavage  surfaces  on  the  fresh  fracture,  but  none  of  its 
constituents  is  recognizable  by  the  unaided  eye. 

Microscopic  characters, — Examined  in  thin  sections  with  the  micro- 
scope it  is  found  to  be  composed  of  hypersthene,  one-half  to  three-fourths 
altered  to  hornblende.  Both  of  the  present  constituents  have  a  fairly 
unif onn  granular  structure.  The  hypersthene  is  pleochroic :  a  =  brown- 
ish red,  B  =  pale  yellowish  red,  c  =  pale  green ;  basal  sections  show  the 
emergence  of  an  obtuse  bisectrix,  and  the  optical  character  is  negative. 
Incipient  alteration  of  the  hypersthene  is  shown  by  the  occurrence  of 
irregular  grains  and  fine  granules  of  magnetite  scattered  through  many 
of  the  individuals.  Similar  magnetite  aggregates  occur  more  abundantly 
and  frequently  form  large,  ragged  masses  in  the  hornblende.  A  few 
fractured  irregular  grains  of  olivine  also  occur. 

The  secondary  character  of  the  hornblende  is  most  clearly  shown  by 
the  manner  in  which  it  penetrates  some  of  the  hypersthene  grains  and 
surrounds  unaltered  remnants  of  the  latter.  Tt  has  an  extinction  angle, 
c  A  c,  of  15°  to  20°,  and  is  pleochroic:  a  =  pale  yellowish  green,  b  = 
yellowish  green,  c  =  green ;  absorption  c  =  B  >  a. 

BUCK  CREEK  AREA. 

In  many  respects  the  area  occupied  by  peridotites  and  related  rocks 
in  the  vicinitv  of  the  Buck  Creek  corundum  mines  is  the  most  remarkable 
in  the  State.  As  shown  by  the  map  (PI.  V),  these  rocks  constitute  an 
elon^rated  mass  Iviner  east  and  west  chiefly  between  Buck  Creek  and 
Little  Buck  Creek.  The  outcrop  is  about  1-J  miles  long,  about  three- 
fourths  of  a  mile  broad  at  its  eastern  extremity,  and  tapers  westward  to 
a  point.     Branching  off  from  the  soutlieastem  corner  of  this  mass  and 
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following  approximately  parallel  to  the  eastern  and  northern  boundaries, 
at  a  variable  distance  from  the  parent  mass,  is  a  narrow  strip  of  perido- 
tites  and  other  rocks  with  which  they  are  intimately  associated.  This 
apophysis  varies  from  about  400  feet  wide  on  the  east  to  almost  nothing 
along  a  considerable  portion  of  the  northern  boundary.  The  greater  part 
of  the  area  is  occupied  by  peridotites,  and  of  these  the  dunite  is  by  far 
the  most  important. 

BUCK   CREEK  DUNITE. 

Megascopic  characters, — The  dunite  in  the  unaltered  portions  is  light 
yellowish  green  to  dark  oil-green  in  color  and  of  medium-  to  fine-grained 
texture.  It  frequently  possesses  a  laminated  structure  similar  to  that 
of  the  Webster  dunite,  though  this  character  is  by  no  means  constant. 
In  the  various  stages  of  serpen tinizat ion  it  becomes  dark-green  to  greenish 
or  brownish  black.  Black  grains  of  chromite  can  generally  be  seen  in 
the  hand  specimen.  On  the  weathered  surfaces  the  dunite  of  this  area 
is  very  similar  to  that  of  the  other  districts  throughout  the  region,  and 
presents  the  characteristic  dark-brown  or  dun  color,  except  where  very 
much  serpentinized,  and  in  such  places  it  is  nearly  black. 

Microscopic  characters. — The  rock  consists  essentially  of  olivine  with 
small,  variable  amounts  of  green  and  colorless  amphibole,  chromite,  and 
magnetite.  In  a  great  majority  of  the  sections  studied,  alteration  has 
given  rise  to  one  or  more  of  the  secondary  products — serpentine,  talc, 
chlorite,  carbonates,  and  iron  oxides. 

The  olivine  is  perfectly  colorless  in  the  thin  section  and  never  shows 
crystal  boundaries.  It  is  genierally  cracked  irregularly,  particularly  in 
the  beginning  of  the  change  to  serpentine.  It  also  frequently  exhibits 
well-developed  parallel  cracks  representing  the  brachypinacoidal  cleav- 
age, and  sometimes  distinct  basal  cleavage,  as  well.  In  basal  section, 
cleavage  parallel  to  the  macropinacoid  can  often  be  seen  also.  The 
grains  usually  average  from  0.5  mm.  to  1  mm.  in  diameter,  though 
isolated  individuals  of  5  mm.  to  6  mm.  are  sometimes  seen.  With  the 
exception  of  occasional  rounded  grains  of  chromite,  the  olivine  is  entirely 
free  from  primary  inclusions.  In  polarized  light  the  olivine  grains  occa- 
sionally exhibit  two  or  three  narrow  twining  lamellae. 

With  the  beginning  of  alteration  the  borders  and  portions  along  the 
cracks  often  become  clouded  with  dust-like  or  granular  segregations  of 
iron  oxides,  which  impart  a  color  to  these  bands  varying  from  light- 
brown  to  almost  black,  according  to  the  amount  and  constitution  of  the 
oxides.  Frequently  irregular,  ragged-looking  grains  and  skeletons  of 
these  oxides,  almost  as  large  as  the  olivine  grains,  are  formed  at  intervals 
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through  the  rock  and  are  almost  invariably  associated  with  lath-shaped 
or  confused  aggregates  of  chlorite  (PI.  XXXVI,  figs.  2,  3). 

The  alteration  of  the  olivine  proceeds,  in  general,  in  the  usual  manner, 
that  is,  serpentine  is  formed  at  the  peripheries  and  along  the  irregular 
cracks  first,  inclosing  and  gradually  replacing  the  olivine;  but  frequently 
serpentine  or  chlorite  is  first  formed  along  the  planes  of  the  basal  cleav- 
age, even  when  this  is  much  less  perfectly  developed  than  the  pinacoidal 
(PI.  XXXV,  fig.  4).  The  usual  alteration  gives  rise  to  serpentine 
with  black  or  brown  oxides  and  a  little  chlorite.  The  bulk  of  the  oxides 
is  usually  segregated  during  the  eariy  stages  of  alteration  and  accumu- 
lates along  the  original  boundaries  of  the  olivine  grains,  thus  frequently 
distinctly  marking  their  extent  in  the  resulting  serpentine,  unless  dis- 
arranged by  subsequent  dynamic  disturbances.  PI.  XXXV,  figs.  4  to  6, 
illustrate  the  normal  process  of  serpentinization.  PI.  XXXVI,  fig.  1, 
shows  the  same  process  accompanied  by  shearing  movements  that  have 
produced  lamination  in  the  rock. 

In  some  cases  the  olivine  alters  extensively  to  chlorite,  which  penetrates 
the  grains  generally  along  the  cleavage  cracks  first,  though  frequently  in 
diagonal  directions,  in  long  slender  laths,  sometimes  passing  uninter- 
ruptedly through  two  or  three  grains.  In  the  eariy  stages  of  alteration 
the  effect  of  pressure  due  to  the  increasing  bulk  is  often  seen  in  the  wavy 
extinction  of  the  olivine. 

The  amphibole  is  frequently  present  in  small  clusters  or  scattered 
individuals,  somewhat  elongated  parallel  to  the  vertical  axis,  frequently 
with  prismatic  development,  but  never  having  terminal  planes.  It  is 
pale-green  in  color  with  very  weak  pleochroism  and  absorption,  often 
scarcely  perceptible.  A  colorless  variety,  also  met  with  occasionally,  in 
much  longer  laths  with  frequent  cross-fracturing,  is  considered  to  be 
cummingtonite.     (See  footnote,  p.  67.) 

The  chromite  and  magnetite  sometimes  occur  in  distinct  octahedrons, 
though  they  are  usually  rounded  and  irregular  in  shape.  The  chromite 
varies  from  opaque,  which  is  the  usual  condition  in  this  locality,  to 
brownish  translucent.  By  reflected  light  the  chromite  is  dull,  and  is 
thus  distinguished  from  magnetite,  which  has  a  bluish,  metallic  luster. 
With  the  slightest  beginning  of  alteration  in  the  rock,  these  constituents 
are  found  surrounded  by  chlorite  arranged  perpendicularly  to  the  boun- 
daries or  in  confused  aggregates  (PI.  XXXVI,  fig.  2).  The  skeletons 
and  ragged  aggregates  of  magnetite  frequently  seen  are  considered 
secondary,  as  noted  above. 

In  one  section  (B23)  the  yellowish  brown  translucent  grains  are  bor- 
dered by  narrow  strips  of  opaque  material,  which  by  reflected  light  is 
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dull-brownish  in  color.  These  opaque  borders  also  penetrate  irregularly 
into  the  translucent  portions,  sometimes  replacing  them  altogether 
(PI.  XXXVI,  fig.  4).  Such  masses  are  invariably  surrounded  by  the 
halo  of  chlorite,  which  characterizes  the  chromite  of  most  of  the  sections 
from  this  locality.  These  phenomena  seem  to  indicate  that  translucent 
chromite  has  altered  to  opaque  material,  possibly  through  the  loss  of 
alumina  in  the  formation  of  the  surrounding  chlorite. 

Analysis  of  Buck  Creek  dunite. 
[By  Dr.  Charles  Baskervllle,  University  of  North  Carolina.] 

SiOa    38.52 

TiOj    none 

AlA    1.60 

FeO    11.24 

MnO     28 

CaO    1.23 

MgO     37.55 

Na,0    3.61 

K,0    2.37 

Loss  on  ignition   3.30 

99.70 

BUCK    CREEK   AMPHIBOLE-PERIDOTITE. 

By  an  increase  in  the  proportion  of  the  light-green  amphibole,  dunite 
passes  into  the  amphibole-peridotite.  This  occurs  on  top  of  the  moun- 
tain near  the  center  of  the  Buck  Creek  area  (PL  Y)  and  at  the  pointed 
western  extremity  of  the  outcrop.  In  these  places  considerable  bodies 
of  the  rock  are  found;  smaller  masses  are  encountered  in  the  apophysis 
to  the  east  and  north  of  the  main  mass. 

Megascopic  characters. — In  general  aspect  the  amphibole-peridotite  is 
considerably  darker  than  the  dunite,  being  dark  grayish  green  to  greenish 
black  in  color.  The  granular  vitreous  olivine  and  the  small  glistening 
cleavage  faces  of  the  amphibole  can  usually  be  seen  distinctly  in  the 
hand  specimen.  The  altered  portions  bear  large  amounts  of  chlorite, 
which  appear  in  the  form  of  small  greenish  scales. 

Microscopic  characters. — Microscopically  the  fresh  rock  is  identical 
with  the  dunite  described  above,  except  for  the  presence  of  a  large  amoimt 
of  pale-green  amphibole.  In  the  process  of  alteration  the  olivine  gives 
rise  to  both  serpentine  and  chlorite,  and  the  amphibole  alters  entirely  to 
chlorite.  The  chlorite  usually  appears  in  the  form  of  much  elongated 
lath-shaped  strips  without  any  discernible  orientation  with  reference  to 
the  parent  mineral.  In  some  cases,  the  alteration  of  both  constituents 
produces  chlorite  with  dark  streaks  and  patches  of  rejected  iron  oxides 
(PI.  XXXVI,  fig.  5).    Both  constituents  are  shown  in  PL  XXXVI,  fig. 
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6,  and  the  chromite  is  typically  surrounded  by  chlorite,  although  the  rock 
is  only  slightly  altered.  An  olivine  from  this  rock  exhibiting  twin 
lamellae  is  shown  in  PI.  XXXVII,  fig.  1. 

In  some  partially  altered  sections  the  amphiboles  are  clouded  in  the 
interior  with  minute  dust-like  specks,  which  are  elongated  and  frequently 
arranged  in  lines  parallel  to  the  vertical  axis  of  the  amphibole.  With 
high  powers  these  are  seen  to  be  yellowish  brown,  translucent,  and  are 
supposed  to  be  the  iron  oxides  differentiated  in  the  incipient  stages  of 
alteration.  The  individuals  that  exhibit  this  phenomenon  are  clear  and 
colorless  in  a  narrow  strip  around  the  border  (PI.  XXXVII,  figs.  3,  4). 

Analysis  of  Buck  Creek  Amphihole-i>eridotite. 

[By  Dr.  Charles  Baskervllle,  University  of  North  Carolina.] 

SiOa    44.61 

TlOa     Trace 

A1,0,    14.28 

FeO    14.59 

MnO    Trace 

CaO    2.56 

MgO   15.68 

Na,0    0.97 

K,0    0.27 

Loss  on  Ignition   7.17 

100713 
BUCK  CREEK  TROCTOLITE  AND  OLIVINE-GABBRO. 

Two  small  areas  in  the  narrow  eastern  strip  of  peridotite  at  Buck 
Creek,  and  a  much  smaller  one  on  top  of  the  mountain  at  the  extreme 
southern  border  (see  map  PI.  V)  are  composed  of  highly  feldspathic 
facies  of  the  rock  that  may  properly  be  called  troctolite.  By  the  acces- 
sion of  augite,  portions  of  these  masses  pass  into  olivine-gabbro.  Alto- 
gether they  comprise  an  area  of  somewhat  less  than  10  acres.  A  similar 
rock  occurs  in  the  southern  part  of  the  Elf  peridotite,  on  Shooting  Creek, 
Clay  County,  and  another  is  found  1  mile  north  of  Young-Harris  on 
Brasstown  Creek,  Towns  County,  Georgia  (p.  68). 

Megascopic  characters. — On  fresh  fracture  the  rock  is  seen  to  be  com- 
posed of  oil-green  to  yellowish  green  olivine,  mottled  and  speckled  with 
patches  and  rounded  areas  of  bluish  gray,  translucent  to  white  opaque 
plagioclase.  Occasionally  plates  of  augite  also  occur.  Separating  the 
plagioclase  from  the  olivine,  there  is  nearly  always  distinctly  visible  to 
the  naked  eye  on  a  fresli  fracture  a  dark-green  band,  often  attaining  a 
width  of  a  millimeter.  The  proportion  of  plagioclase  to  olivine  is  ex- 
tremely  variable;   the   olivine,   however,   usually   predominates.     Black 
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grains  of  chromite  and  occasional  grains  and  clusters  of  pyrite  are  also 
observed. 

On  the  weathered  surface  the  color  is  generally  the  dull  dark  brown, 
characteristic  of  the  peridotites;  but  the  surface  is  made  exceedingly 
rough  and  knotty  by  the  projecting  feldspars  with  their  green  sheaths 
(A  of  PL  XIII).  In  fact,  the  feldspars  thus  protected  are  so  much 
more  resistant  than  the  olivine  that  they  weather  out  in  considerable 
nimabers  and  accumulate  about  the  exposed  ledges  of  the  rock. 

Microscopic  characters, — In  the  thin  section  the  rock  is  found  to  con- 
sist of  rounded  granular  olivine,  broad  cleavable  feldspars,  and  between 
these  constituents  the  green  mantle  that  is  noticeable  in  the  hand  speci- 
men is  found  to  consist  of  parallel  or  concentric  layers  of  fibrous  and 
reed-like  aggregates,  set  approximately  at  right  angles  to  the  boundaries 
of  the  adjacent  minerals.  A  number  of  sections  from  the  olivine-gabbro 
facies  also  contain  broad,  irregular,  augite  areas,  sometimes  poikilitic, 
inclosing  olivine  and  feldspar  grains,  and  generally  more  or  less  altered 
to  uralitic  amphibole.  In  addition  there  are  occasional  grains  of  yellow- 
ish brown  translucent  chromite,  or  picotite,  sometimes  in  considerable 
abundance. 

The  olivine  is  in  rounded  or  irregular  angular  grains  of  the  same 
character  as  that  of  the  peridotites  proper,  sometimes  perfectly  fresh, 
sometimes  considerably  altered  along  the  cracks  to  yellowish  or  greonish 
serpentine.     It  often  includes  small  grains  of  the  chromite  or  picotite. 

The  feldspar  occurs  in  broad  rounded  masses,  often  5  to  10  millimeters 
in  diameter.  Polysynthetic  twinning  is  almost  universal,  the  sections 
often  presenting  two  sets  of  lamellae,  corresponding  to  the  albite  and 
pericline  laws.  Two  sets  of  cleavage  cracks  are  also  well  developed,  and 
the  angles  of  extinction  with  these  range  as  high  as  35  to  40  degrees. 
The  mineral  is  completely  decomposed  in  boiling  dilute  hydrochloric 
acid,  with  the  separation  of  abundant  gelatinous  silica.  The  following 
partial  analyses  prove  the  mineral  to  be  typical  anorthite. 

Analyses  of  anorthite  from  Buck  Creek  troctolite. 

[I,  by  J.  Volney  Lewis;  II,  by  J.  E.  Mills,  University  of  North  Carolina.] 

I.  II. 

SiO,    44.45  44.72 

AlA    36.75  35.86 

Fe,Oa    Trace  Trace 

CaO    18.44  Undet. 

H,0    (ign.)    0.52  Undet. 

100.16              80.54 
Specific  gravity   2.798  
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As  a  rule  the  feldspar  is  remaritably  well  preserved,  showing  scarcely 
more  than  a  trace  of  kaolinization.  In  portions  bordering  upon  the 
olivine,  however,  and  sometimes  throughout  the  mass,  it  presents  a  dusty, 
clouded  appearance  under  low  powers,  which  with  higher  magnification 
is  resolved  into  great  numbers  of  rounded  and  elongated  pale-greenish 
inclusions.  In  some  portions  these  merge  into  large,  ragged  mai>ses  of 
considerable  size,  darker  green  in  color  and  isotropic,  and  are  considered 
to  be  a  green  spinel,  probably  pleonaste.  In  several  sections  this  is  quite 
abundant. 

A  peculiar  alteration  of  the  anorthite  into  chlorite  is  shown  by  the 
manner  in  which  the  latter  penetrates  the  grains,  both  in  elongated  laths 
and  fine,  scaly,  felted  aggregates  (PI.  XXXVII,  figs.  5,  6). 

The  picotite,  or  chromite,  occurs  in  considerable  abundance  and  has 
the  same  general  characters  as  in  the  other  olivine  rocks.  It  is  of  varying 
degrees  of  translucence,  and  is  bright  yellowish  brown  to  dark  brown  in 
color,  the  dark-colored  grains  being  nearly  opaque.  It  is  frequently 
included  by  the  olivine  and  occasionally  by  the  feldspars;  though  in  the 
latter  case  it  is  never  in  direct  contact  with  the  feldspar,  but  is  separated 
by  a  mantle,  sometimes  very  thin,  resembling  portions  of  the  mantle 
between  the  olivine  and  feldspar.  The  optical  properties  of  this  mantle, 
so  far  as  determinable,  are  those  of  afnphibole.  Occasional  grains  of 
spinel  show  a  honey-yellow  central  area  like  picotite  and  gradually  pass 
into  light  green  toward  the  borders,  where  it  resembles  pleonaste  (PI. 
XXXVII,  fig.  2). 

The  augite  occurs  in  large,  irregular  plates,  and  often  encloses  poi- 
kilitically  numerous  grains  of  feldspar.  It  is  colorless  to  pale  green 
and  dusty  brown,  the  latter  color  doubtless  representing  the  initial  stages 
of  alteration  whereby  minute  particles  of  iron  oxides  are  differentiated. 
It  has  well -developed  prismatic  cleavage,  but  no  diallage  characteristics. 
It  presents  every  stage  of  alteration  to  pale-green  amphibole  in  slender 
fibers  arranged  approximately  parallel  to  the  vertical  axis.  In  this  process 
considerable  separation  of  iron  oxide  often  takes  place,  and  these  accumu- 
late more  or  less  along  the  cleavage  cracks  of  the  augite  and  between  the 
fibers  of  the  secondary  amphibole  (PI.  XXXIX,  fig.  1). 

Analysis  of  Buck  Creek  troctoHte. 

[By  Dr.  Charles  Baskerville,  University  of  North  Carolina.] 

SIO2    38.72 

TiO;    • Trace 

AKO3    16.06 

FeO    11.24 

MnO     24 
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CaO     5.37 

MgO     19.01 

NEjO    5.25 

K»0    34 

Loss  on  ignition   3.16 


99.39 


COBBOSION    MANTLES    IN    TROCTOLITES.* 


The  sheaths  or  mantles  separating  the  olivine  from  the  feldspar  in 
these  rocks  are  probably  thicker  and  their  constituent  minerals  more 
distinctly  developed  than  in  any  similar  occurrences  thus  far  described, 
thus  permitting  a  more  satisfactory  determination  of  these  interesting 
aggregates  than  has  heretofore  been  found  possible.  Their  principal 
characteristics  and  variations  are  shown  in  the  photomicrographs  repro- 
duced in  figs.  1-6,  PI.  XXXVIII.  They  are  found  to  vary  from  the 
minutest  dimensions  to  more  than  a  millimeter  in  thickness,  and  are 
frequently  prominent  in  the  hand  specimen.  They  are  typically  two-ply 
or  three-ply  in  character,  rarely  composed  of  a  single  layer.  The  layers 
of  different  composition  are  arranged  parallel  or  more  or  less  concen- 
trically according  to  the  form  of  the  olivine-feldspar  surfaces  upon  which 
they  are  developed.  The  middle  layer  is  usually  thinnest,  and  the  one 
next  the  feldspar  thickest,  appearing  in  the  section  as  a  broad  belt. 

Ensiatite  layer. — The  portion  next  to  the  olivine  consists  of  short, 
rather  stout  parallel  or  radial  stalks  or  columns  of  a  colorless  mineral. 
They  exhibit  moderate  mean  refraction  and  rather  strong  interference 
colors,  with  extinction  parallel  to  their  greatest  elongation.  This  direc- 
tion is  also  that  of  the  axis  c  (least  elasticity).  Large  developments  of 
this  portion  in  section  B56  have  produced  masses  with  parallel  cleavage 
cracks  and  the  optical  properties  of  ensiatite.  Occasionally  the  other 
layers  thin  out  altogether,  leaving  only  this  one  between  the  olivine  and 
the  feldspar;  and,  although  somewhat  variable  in  thickness,  this  layer 
is  always  present. 

Dippside  layer. — The  middle  part  can  scarcely  be  distinguished  in 
natural  light  from  the  one  just  described.     It  is  made  up  of  short  col- 

*  The  terms  '*  rim,"  "  zone,"  and  "  belt,"  which  have  been  generally  applied  to  these 
aggregates,  are  somewhat  misleading  in  that  they  express  but  two  dimensions,  whereas 
the  phenomena  described  are  prominently  developed  In  three.  The  prevailing  confusion 
in  this  respect  Is  well  exemplified  In  Rosenbusch's  MIkroskopische  Physlographie,  where 
"Zone,"  **  GUrtel,"  and  "Rand"  are  used  Indiscriminately  and  Interchangeably  with 
•*  Schale,"  "  Rlnde,"  "  Mantel  "  and  "  Umhlillung."  Manifestly  the  words  of  the  former 
group  are  used  with  reference  to  the  appearance  in  the  thin  section,  where  usually  but 
two  dimensions  are  observed,  while  those  of  the  latter  group  conform  more  closely  to 
the  actual  conditions.  Mantle  seems  to  be,  upon  the  whole,  the  least  objectionable 
term,  and  corrosion  expresses  their  probable  origin  better  than  "  reaction  ;  "  hence  the 
term  corrosion  mantles  adopted  here. 


80         CORUNDUM  AND  PERIDOTITES  OF  WESTERN  NORTH  CAROLINA. 

umnar  individuals  approximately  normal  to  the  bounding  surface  of  the 
olivine  and  feldspar.  It  is  sometimes  apparently  continuous  with  the 
adjacent  enstatite,  or  intergrown  with  it  and,  like  it,  colorless  and  pos- 
sessing a  high  index  of  mean  refraction.  Its  very  strong  double  refrac- 
tion and  large  extinction  angles  cAc,  which  range  as  high  as  36°,  sharply 
differentiate  this  middle  layer  from  the  enstatite.  The  properties  are 
identical  with  those  of  diopside.  This  is  the  least  constant  portion  of 
the  mantle,  thinning  out  and  coming  in  irregularly  and  often  almost 
entirely  wanting. 

ActinoKte  layer, — The  layer  next  the  feldspar  is  often  thicker  than 
both  of  the  others  together.  Though  it  sometimes  thins  down  consid- 
erably, and  even  disappears  occasionally,  it  is  seldom  absent  altogether, 
and  never  for  any  considerable  space.  In  the  section  it  appears  pale 
greenish  in  color  and  is  composed  of  fine  fibers  set  in  the  same  general 
manner  as  the  thicker  individuals  of  the  other  lavers.  The  fibers,  how- 
ever,  are  often  radial  or  gathered  into  a  succession  of  sheaf-like  bundles. 
They  exhibit  a  moderately  high  mean  refraction,  and  their  double  refrac- 
tion is  somewhat  weaker  than  that  of  the  diopside  but  much  stronger 
than  that  of  the  enstatite.  The  c-axis  makes  an  angle  of  about  16°  with 
the  fibers.     These  properties  identify  this  mineral  as  actinolite. 

A  very  thin  portion  of  this  actinolitic  layer,  appearing  in  the  section  as 
a  narrow  strip  next  the  augite  or  enstatite,  is  usually  clear  and  free  from 
inclusions,  while  the  rest  of  it,  by  far  the  greater  part,  is  thickly  crowded 
with  darker  green  isotropic  inclusions  in  parallel  fibers  and  confused 
vermiform  and  ragged  masses.  These  are  often  continuous  with  the 
similar  fibers  and  isotropic  masses  in  the  feldspars,  described  above,  and 
are  doubtless  pleonaste. 

The  ends  of  the  fibers  of  actinolite  next  the  feldspar  sometimes  give 
the  appearance  in  polarized  light  of  another  layer  to  the  mantle.  These 
are,  however,  simply  the  extremities  of  the  actinolite  fibers  which  have 
been  altered  into  pseudomorphous  chlorite  (PL  XXXVIII,  fig.  6). 

These  mantles  may  be  closely  compared  with  the  "reaction-rims," 
"  corrosion-zones,"  etc.,  that  have  been  frequently  observed  in  similar 
relationships  in  olivine-gabbros,  olivine-norites  and  feldspathic  perido- 
tites.  The  first  published  description  was  by  Dr.  A.  E.  Tornebohm  °  in 
1877,  from  an  occurrence  of  hyperite  in  Sweden.  The  mantle  is  double, 
consisting  of  tremolite  next  the  olivine  and  of  actinolite  next  the  feldspar. 

Dr.  F.  Becke '  describes  similar  phenomena  from  the  olivine-gabbros 
of  Lower  Austria,  the  mantles  being  three-ply.     The  innermost  layer 

■Neues  Jahrbuch,  1877,  pp.  267-283. 

•Tschermak's  MIn.  und  Petr.  MItth.,  Vol.  IV,  1882,  pp.  822-352. 
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(next  the  olivine)  is  fibrous,  colorless  tremolite;  the  middle  one  is  a 
brownish,  highly  refracting,  finely  fibrous  mineral  that  borders  sharply 
upon  the  innermost  layer,  but  is  intergrown  with  the  inner  portions  of 
the  outermost  one.  The  outermost  layer,  next  the  feldspar,  is  a  pale- 
green,  granular  to  scaly  mineral  with  strong  double  refraction. 

Dr.  F.  D.  Adams'  described  in  1885  verv  similar  "reaction-rims" 
from  the  olivine-anorthosites  of  the  Saguenay  Eiver  region  of  Canada, 
which  closely  resemble  those  of  Buck  Creek.  The  olivine  is  surrounded 
by  a  double  mantle,  the  inner  portion  consisting  of  orthorhombic  pyrox- 
ene, the  outer  and  thicker  part  of  actinolite. 

Dr.  G.  H.  Williams '  describes  "  reactionarv-  rims  "  between  the  olivine 
and  feldspar  in  olivine-gabbros  and  feldspathic  peridotites  near  Balti- 
more, Md.,  as  follows : 

The  feldspar  is  shown  by  all  its  physical  properties  to  be  bytownite  ♦  ♦  ♦  . 
Whenever  it  comes  in  contact  with  the  olivine,  the  peculiar  reactionary  rims 
of  amphibole  described  by  Tornebohm  are  finely  developed.  The  interior  zone 
of  these  rims  next  to  the  olivine  is  narrow,  granular,  and  almost  colorless. 
Outside  of  this  is  a  darker  greenish  portion,  having  a  feathery  appearance; 
this  exterior  zone  projects  in  rounded  tufts  into  the  feldspar  substance,  at 
the  expense  of  which  it  has  apparently  been  formed. 

Dr.  A.  E.  Tornebohm  *  also  described,  in  1889,  another  occurrence  in 
a  hyperite  from  Sweden,  which  is  even  more  like  those  here  under  con- 
sideration. The  mantles  are  double,  the  layer  next  the  olivine  being  of 
orthorhombic  pyroxene,  the  out«r  of  green  hornblende  with  pleonaste. 

The  gabbro  described  by  Dr.  G.  F.  ^Fatthew  "*  in  1894,  from  the  vicinity 
of  St.  John,  Xew  Brunswick,  also  exliibits  very  similar  phenomena.  The 
olivine  is  surrounded  by  double  mantles  separating  it  from  the  feldspar, 
the  inner  layer  consisting  of  granular  enstatite,  the  outer  of  radial  aggre- 
gates of  actinolite,  intergrown  in  its  outer  portions  with  abundant  green 
spinel. 

Dr.  H.  Rosenbusch  "  mentions  several  other  more  or  less  similar  occur- 
rences in  various  parts  of  Europe. 

The  origin  of  these  corrosion  mantles  is  discussed  in  connection  with 
the  origin  and  relations  of  the  peridotites.  Chapter  V  (p.  14G). 

BUCK    CREEK    AMPIIIBOLITE. 

Amphibolite  forms  long,  narrow,  dike-like  outcrops  cutting  the  perido- 
tites in  several  radial  directions  on  top  of  the  mountain,  near  the  middle 

» Am.  Naturalist,  Nov.,  1885,  pp.  1087-1090. 

•  Bulletin  U.  S.  Geol.  Survey  No.  28,  1880,  p.  52. 

•  Geol.  FOren.  i  Stockholm  FOrh.,  Vol.  XI.  1889,  p.  46. 
w  Trans.  N.  Y.  Acad.  Sci..  Vol.  XIII,  1894,  p.  185. 

"  Mikroskopische  Physiographie,  3d  ed.,  1896,  pp.  314-316. 
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of  the  Buck  Creek  area  (see  PI.  V).  Smaller  masses  follow  the  perido- 
tite  throughout  the  extent  of  the  narrow  apophysis  to  the  east  and  north 
of  the  main  mass.  The  width  of  the  amphibolite  outcrop  varies  from  20 
to  200  feet  and  over,  and  the  aggregate  length  of  such  outcrops  in  the 
Buck  Creek  area  is  more  than  5  miles. 

Megascopi<:  characters. — The  amphibolites  appear  as  light-green,  and 
emerald-  to  dark-green,  fine-grained  rocks,  generally  distinctly  gneissoid 
in  structure,  and  often  bearing  considerable  pink  to  ruby-red  corundum 
in  irregular  cleavable  masses.  The  amphibole  is  usually  the  prominent 
constituent,  and  frequently  there  is  no  feldspar  present  at  all.  But  in 
this  respect  the  rock  is  exceedingly  variable,  feldspar  often  becoming  pre- 
dominant locally,  even  sometimes  to  the  exclusion  of  the  amphibole, 
giving  rise  to  anorthosite  facies.  These  variations  occur  within  very 
short  distances,  the  extreme  types  being  sometimes  found  in  a  continu- 
ous mass  within  a  few  feet  of  each  other.  When  strongly  banded,  alter- 
nate laminae  a  few  inches  in  thickness,  often  present  strong  contrasts  of 
green  and  white,  according  as  amphibole  or  feldspar  predominates.  Lo- 
cally it  is  frequently  sheared  and  altered  more  or  less  completely  into 
chlorite-schist. 

Microscopic  characters. — In  thin  sections  the  chief  constituents  are 
usually  pale-green  to  grass-green  amphibole,  plagioclase  (generally  in 
small  amount  but  large  individuals),  more  or  less  brown  translucent 
picotite,  and  often  corundum.  Less  frequently  green  spinel  and  augite 
are  present.  Not  one  of  the  constituents  is  found,  however,  in  all  the 
sections.  Most  of  tliem  contain  amphibole  abundantly,  with  more  or  less 
plagioclase;  some  contain  only  these  two  minerals.  Other  combinations 
are  amphibole  and  corundum;  amphibole  and  picotite;  amphibole, 
picotite,  and  green  spinel;  amphibole,  picotite,  and  corundum;  plagio- 
clase, picotite,  and  corundum;  amphibole,  plagioclase,  picotite,  and  cor- 
undum; amphibole,  plagioclase,  and  augite. 

The  amphibole  is  usually  of  moderately  fine  grain,  somewhat  elon- 
gated parallel  to  the  prevalent  gneissic  structure ;  but  it  varies  from  fine 
fibers  in  confused  felted  masses  (PI.  XXXIX,  fig.  2),  or  approximately 
parallel  uralitic  aggregates  to  uniform,  medium  sized  grains,  comparable 
in  size  with  the  plagioclase.  Numerous  basal  sections  exhibit  the  com- 
bination of  prism  and  clinopinacoid,  but  frequently  such  sections  are 
irregular  in  outline.  Minute  amphibole  laths  enclosed  in  the  feldspar 
of  section  B71  sometimes  exhibit  terminal  planes.  Extinction  angles, 
cAc,  varying  from  18  to  24  degrees  were  observed.  The  amphibole  is 
often  pale  green  and  non-pleoobroio ;  but  frequently  it  encloses  small 
grains  and  dust-like  particles  of  picotite,  or  is  associated  with  larger 
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masses  of  this  mineral,  and  is  then  bright  grass-green  to  emerald-green 
in  color,  and  is  distinctly,  though  not  strongly,  pleochroic  (B4,  B69, 
B12) :  Q  =  light  bluish  green;  b  ^  light  yellowish  green;  c  =  sky- 
blue.     Absorption  c  >  b  >  a. 

In  section  B36,  from  near  the  main  shaft  east  of  the  creek,  the  amphi- 
bole  is  filled,  except  in  a  narrow  clear  border,  with  rounded,  drop-like, 
rod-like,  and  fibrous  vermiculate  masses  of  green  spinel  (PI.  XXXIX, 
fig.  3).  The  inclusions  are  much  like  the  green  spinel  in  the  corrosion 
mantles  of  troctolite,  and  are  readily  identified  by  their  frequently  coales- 
cing into  ragged  masses  of  considerable  size. 

In  several  sections  from  the  narrow  belt  to  the  east  and  north  of  the 
main  mass  (B54,  B70,  B71)  the  amphibole  is  highly  uralitic,  and  de- 
rived, in  part  at  least,  from  augite,  which  is  still  represented  by  scattered 
remnants.  Plate  XXXIX,  fig.  4,  shows  a  basal  section  of  augite  partly 
changed  into  amphibole.  Some  of  the  augite  occurs  in  large  poikilitic 
masses,  enclosing  grains  of  feldspar,  and  comparable  in  every  way  with 
the  augites  of  some  of  the  troctolite  sections. 

The  analyses  of  the  amphibole  from  this  rock  show  it  to  be  an  aluminous 
variety,  poor  in  iron.  Dr.  J.  D.  Dana  classed  it  with  edenite,  but  Dr. 
F.  A.  Genth,"  who  first  described  the  mineral,  called  it ''  smaragdite  (  ?) ; 
kokscharowite"  On  account  of  the  prevalent  bright  green  color  of  this 
amphibole.  Dr.  Genth's  suggestion  of  smaragdite  has  been  accepted  by 
a  number  of  writers,  in  spite  of  the  fact  that  the  mineral  is  highly 
aluminous. 

A  more  recent  analysis  of  this  mineral,  by  Dr.  Charles  Baskerville,  of 
the  University  of  North  Carolina,  is  given  in  Xo.  I  of  the  table  below. 
The  mineral  was  separated  from  a  banded  specimen  of  amphibolite 
collected  on  top  of  the  n\ountain  near  the  center  of  the  peridotite  area. 
The  crushed  material  retained  between  sieves  of  72  and  112  meshes  to 
the  inch  was  separated  with  Thoulet's  solution.  The  emerald-green 
grains  sank  in  solution  of  specific  gravity  3.085.  Under  the  microscope, 
these  all  showed  picotite  inclusions.  The  lighter  green  portions,  which 
were  found  to  be  entirely  free  from  picotite,  were  suspended  in  the  solu- 
tion at  specific  gravity  of  3.075.  This  material  was  used  for  analysis  I. 
The  analvsis  of  the  mineral  described  bv  Dr.  Genth  is  given  in  column  II 
of  the  table  below.  He  describes  it  as  having  "  a  bright  color  between 
emerald-  and  grass-green,  gradually  passing  into  grayish  green  and 
greenish  gray.     Specific  gravity  of  the  grass-green  variety,  3.120.'^ 

»«Bunetlii  U.  S.  Geol.  Survey  No.  74,  1891,  p.  45. 
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Analyses  of  edenite  from  the  amphihoHte  of  Buck  Creek, 

Clay  County. 

[I,  bj  Chas.  Batkervllle:  II,  by  F.  A.  Genth.1 

I.  II. 

SiO,    44.38  45.14 

A1,0,    17.32  17.59 

Cr,0,    0.38  0.79 

FeO     3.83  3.45 

NIO    0.21 

MgO 15.48  16.69 

MnO    0.90  

CaO     11.51  12.51 

Na,0    1.24  2.25 

K,0    0.38  0.36 

H,0    4.63  1.34 

100.05  100.33 

Specific  gravity  3.075  3.120 

Tlie  plagioclase  of  the  amphibolites  is  anorthite.  It  is  very  variable 
in  amount  and  is  sometimes  entirely  wanting.  It  occurs  in  large,  some- 
what rounded,  irregular  grains,  and  thus  often  presents  a  striking  con- 
trast with  the  fine-grained  or  even  fibrous  amphibole  (PL  XXXIX,  fig. 
2),  although  sometimes  the  two  constituents  are  almost  of  uniform  tex- 
ture. Multiple  twinning  is  almost  universal,  often  according  to  both  the 
albite  and  [K'ricliuo  laws.  The  anorthite  sometimes  encloses  small  laths  of 
amphibole  and  small  grains  and  specks  of  green  spinel.  Some  clouding 
is  generally  noticeable,  but  only  seldom  has  kaolinization  reached  an 
advanced  stage.  Clear,  fresh  grains  separated  from  the  crushed  rock  by 
Thoulet's  solution,  as  described  above  for  the  amphibole,  were  held  in 
suspension  at  a  specific  gravity  of  2.753.  On  examination  with  polar- 
ized light  these  grains  gave  extinction  angles  with  the  cleavage  ranging 
chieflv  between  32°  and  37°.  The  inclination  of  the  rhombic  section 
to  the  basal  cleavage,  in  a  large  number  of  measurements,  ranges  from 
17°  r).V  to  18°  40'. 

The  mineral  decomposes  readily  in  boiling  dilute  hydrochloric  acid, 
with  the  separation  of  abundant  gelatinous  silica.  The  following  partial 
analyses  agree  with  the  optical  characters  in  determining  it  unmistakably 
as  anorthite. 
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Partial  analyses  of  anorthite  from  amphibolite  of  Buck 

Creek,  Clay  County. 

[I,  by  Dr.  Charles  Baskervllle,  University  of  North  Carolina;  II,  by  J.  Volney  Lewis.] 

I.^*  II. 

SiOj     40.40  41.74 

AljOs    36.40  36.69 

CaO     18.72  20.14 

HjO    (ignition)    0.25 

95.52  98.82 

Specific  gravity  2.744  2.753 

Corundum  occurs  frequently  in  small  rounded  grains  intergrown  with 
picotite  (PI.  XXXIX,  fig.  5),  and  in  such  cases  is  always  distinctly  col- 
ored and  pleochroic,  light  yellowish  green  and  purple.  It  is  also  fre- 
quently present  without  intergrown  picotite  in  light  pink  to  colorless 
grains  of  various  sizes,  the  larger  ones  having  well  developed  rhombohe- 
dral  parting  (PI.  XXXIX,  ^g.  G).  Some  portions  of  the  amphibolite 
contain  corundum  in  fragments  of  considerable  size  as  is  illustrated  in 
B,  Plate  XIII. 

The  augite  that  is  found  in  a  few  of  the  amphibolite  sections  has  the 
same  characteristics  as  in  the  troctolites.  It  is  colorless  to  pale  grecm 
and  dusty  brown,  the  latter  probably  due  to  the  differentiation  of  iron 
oxide  dust  in  the  incipient  stuges  of  alteration.  The  augite  is  large  and 
irregular  in  outline  and  is  often  poikilitic,  enclosing  grains  of  feldspar, 
The  prismatic  cleavage  is  highly  developed.  It  presents  every  degree  of 
alteration  to  pale-green  amphibole,  which  is  usually  in  slender  fibers 
approximately  parallel  to  the  vertical  axis  of  the  augite.  The  black 
oxides  are  eventually  segregated  along  the  cleavage  cracks  of  the  augite 
and  between  the  fibers  of  the  amphibole. 

Following  is  the  analysis  of  the  amphibolite  from  near  the  top  of  the 
mountain,  west  of  Buck  Creek. 

"Analysis  I  was  published  In  Bulletin  No.  11  of  this  Survey,  page  24.  where  the 
lime  and  alumina  percentajjeH  were  accidentally  interchanjred  :  It  was  also  erroneously 
placed  under  troctollte  instead  of  ainphil>olite. 
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Analysis  of  Buck  Creek  amphihoUte. 
[By  Dr.  Chas.  Baskerville,  UniTeniity  of  North  Carolina.] 

SiO,  37.86 

TIO2  03 

AUO,  24.64 

FeO  6.37 

MnO  0.20 

CaO  15.25 

MgO  8.46 

Na,0  1.55 

K,0  1.20 

Loss  on  ignition   3.75 


99.30 
CORUNDUM     HILL    AREA. 

North  of  Cullasagee  Biver  in  Macon  County,  the  massive  spur  of  the 
Cowee  Mountains  lying  between  Ellijay  and  Walnut  creeks  contains 
numerous  outcrops  of  typical  oval  masses  of  dunite,  of  which  the  well- 
known  Corundum  Hill  outcrop  may  be  taken  as  an  example  (map, 
PI.  VI).  Many  of  the  masses  are  somewhat  larger  and  different  in  shape 
from  this,  but  the  variation  is  nowhere  very  great,  and  in  general  charac- 
ters the  Corundum  Hill  outcrop  is  typical  of  the  area.  It  is  a  some- 
what irregular  oval  mass  about  10  acres  in  extent,  and  the  rock  is  ex- 
posed over  almost  the  entire  surface.  The  amount  of  enstatolite  (ensta- 
tite  rock),  which  is  rather  largely  developed  at  the  south  end  of  this 
outcrop,  is  extremely  variable,  greatly  predominating  in  some  of  the 
masses  and  scarcely  appearing  at  all  in  others. 

CORUNDUM    HILL   DUNITE. 

Megascopic  characters. — On  exposed  surfaces  this  rock  presents  the 
usual  yellowish  and  reddish  brown  colors,  and  only  a  very  thin  red 
ocherous  soil  results  from  its  complete  decomposition.  This  being  ex- 
ceedingly infertile,  is  waslied  ofT  about  as  fast  as  formed,  and  hence  the 
barren  and  rugged  character  of  most  of  the  outcrops. 

The  fresh  rock  is  of  various  shades  of  yellowish  green,  according  to 
physical  and  chemical  conditions.  Where  exposed  to  the  weather  a  very 
slight  amount  of  alteration  increases  the  yellow  color;  a  little  serpen- 
tinization,  on  the  other  hand,  often  intensifies  the  green,  producing  a 
much  darker  looking  rock.  Toward  the  north  end  of  the  outcrop  small 
portions  of  the  rock  are  verv  fine  grained  and  ash-gray  in  color.  Thin 
lamination  is  sometimes  developed,  presenting  alternations  of  light  gray 
and  dark  green. 
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Olivine  is  the  only  abundant  constituent  of  the  rock,  varying  in 
texture  from  very  fine  to  medium  coarse,  with  occasional  individuals 
measuring  half  an  inch  or  more  in  diameter.  Black  grains  and  crystals 
of  chromite  are  always  present,  and  generally  some  plates  of  enstatite. 
Small  glistening  flecks  of  talc  and  chlorite,  and  fine  slender  needles  of 
anthophyllite  and  cummingtonite  constitute  the  remaining  visible  con- 
stituents. 

Microscopic  characters. — The  olivine  greatly  exceeds  all  other  minerals 
in  abundance.  It  presents  all  degrees  of  alteration  to  serpentine,  only  in 
rare  cases  appearing  perfectly  fresh.  It  is  also  rarely  the  case  that  more 
than  half  of  the  mineral  has  been  altered.  Typical  sections  are  shown 
in  PI.  XL,  figs.  1  to  4.  The  serpentine  is  usually  light  yellow  or  yellow- 
ish green  in  color,  occasionally  decidedly  green. 

The  olivine  in  the  unaltered  sections,  and  usually  also  in  the  remnants 
occurring  in  the  highly  serpentinized  portions,  is  perfectly  transparent 
and  colorless.  In  this  locality  the  olivines  are,  so  far  as  observed,  invar- 
iably anhedrons,  varying  in  size  from  .05  mm.  to  12.0  mm.  in  diameter. 
The  largest  individuals  have  not  been  found  in  the  coarser  portions  of 
the  rock,  as  might  have  been  expected,  but  in  the  very  fine  grained  gray 
masses  from  the  workings  at  the  north  end.  The  broken  and  granulated 
condition  of  the  borders  of  such  an  individual  (PL  XL,  fig.  1)  make 
it  not  improbable  that  much  of  the  now  finely  granulated  portions  has 
been  derived  from  mechanical  crushing  of  coarser  material.  The  same 
figure  illustrates  the  tendency  to  serpentinization  along  the  basal  cleavage 
first,  although  the  pinacoidal  is  more  highly  developed. 

Sections  of  the  laminated  portions  of  the  rock  show  that  this  struc- 
ture is  due  to  fine  granulation  along  numerous  parallel  shearing  planes. 
The  alteration  to  serpentine  is  also  often  much  more  pronounced  along 
these  planes  (PI.  XL,  figs.  3,  4). 

The  enstatite,  which  is  found  in  most  of  the  sections,  occurs  in  nearlv 
square  or  somewhat  elongated  sections  of  the  prism  zone,  with  well- 
developed  vertical  cleavage  cracks  and  frequent  irregular  cross  fractures. 
It  is  perfectly  colorless  and  non-pleochroic,  and  is  usually  somewhat 
larger  than  the  olivine  grains.  In  the  great  majority  of  cases  it  is  also 
perfectly  fresh,  but  in  some  sections  it  is  partially  or  wholly  altered  into 
cleavable  talc  plates  and  bastite. 

The  chromite  occurs  in  sections  of  octahedral  crj^stals  and  irregular 
grains,  usually  about  the  size  of  the  associated  olivine  grains,  though  in 
this  respect  quite  variable.  In  many  cases  it  is  wholly  or  partially  sur- 
rounded by  chlorite  plates.  The  grains  are  not  attracted  by  a  horseshoe 
magnet.  On  being  crushed  to  fine  powder  the  smaller  fragments  are 
translucent  and  pale  yellowish  brown  on  the  thinnest  edges  to  dark 
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reddish  brown  and  almost  opaque  in  the  thicker  portions.  In  the  sec- 
tions it  is  usually  opaque  and  dull  grayish  by  reflected  light.  Black 
granular  secretions  about  the  chromite  or  in  separate  clusters  in  the 
more  altered  portions  of  the  rock  are  more  metallic  by  reflected  light, 
and  are  doubtless  secondary  magnetite.  These  sometimes  build  up  skele- 
ton forms. 

The  slender,  glistening  needles,  often  noticeable  in  the  hand  specimen, 
are  sometimes  very  abundant.  Under  the  microscope  they  appear  as 
very  long,  slender  individuals  or  in  bundles,  frequently  more  or  less 
radiating  (PI.  XL,  fig.  2).  They  exhibit  high  mean  refraction  and 
very  high  double  refraction.  Basal  sections  show  the  typical  prismatic 
cleavage  of  the  amphiboles,  and  occasionally  prismatic  outlines.  Longi- 
tudinal sections  usually  have  vertical  cleavage  cracks  partially  devel- 
oped, and  always  exhibit  strong  transverse  fractures.  Some  of  these 
show  an  inclined  extinction  of  15**  to  20°  or  more  with  the  vertical  axis, 
this  direction  being  the  axis  of  least  elasticity,  while  that  of  intermediate 
value  coincides  with  h.  These  characters  agree  with  those  of  tremolite, 
but  in  view  of  the  almost  entire  absence  of  calcium  from  the  rocks,  the 
close  similarity  to  the  Sapphire  occurrence  (p.  102 )  and  the  intimate 
association  in  adjacent  portions  of  the  same  outcrop  with  the  anthophyl- 
lite  described  below,  it  is  most  probable  that  the  mineral  is  cumming- 
tonite  (amphibole-anthophyllite) . 

In  other  sections  (CH2  especially)  the  long  needle-like  crystals  have 
exactly  the  same  appearance  in  the  hand  specimen  and  in  natural  light 
under  the  microscope;  but  in  polarized  light  they  are  found  to  extin- 
guish always  parallel  to  the  crystal lographic  axes,  with  the  greatest  and 
least  axes  of  elasticity  parallel  to  a  and  c  respectively.  The  basal  sec- 
tions afford  no  distinct  interference  figures  in  convergent  light,  owing 
in  part  at  least  to  the  fact  that  most  of  them  have  suffered  slight  mechani- 
cal deformation  which  gives  rise  to  wavy  and  imperfect  extinction. 
Portions  of  the  hand  specimen  corresponding  to  CH2,  and  containing 
great  numbers  of  these  needles,  showed  no  trace  of  calcium  with  the 
ammonium  oxalate  test.  The  mineral  is  therefore  considered  to  be 
anthophyllite. 

Analyses  of  dunite  from  Corundum  Hill. 
[By  T.  M.  Chatard,  Bull.  U.  S.  Geol.  Survey  No.  42,  1887,  p.  5.1.1 

I.  II. 

SiO,     40.11  41.58 

AlA    0.88  0.14 

FeA     , 1.20  

FeO    6.09  7.49 

MgO    48.58  49.28 

CaO 0.11 
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I.  II. 

H»0    (Ignition)    2.74  1.72 

CFjOs   0.18  

NiO  (Tr.  Co  &  Mn)    0.34 

Chromlte    0.56  

100.34  Tod.66 

CORUNDUM    HILL   ENSTATOLITE    (eNSTATITE    ROCK). 

The  cnstatolite  (ensMite  rock)  of  Corundum  Hill  differs  from  that 
of  Webster  in  mode  of  occurrence,  that  is,  in  being  closely  associated 
with  dunite  instead  of  webstcrite.  It  forms  large  masses,  especially  at 
the  lower  end  of  the  outcrop,  perfectly  continuous  witli  the  dunite.  In 
the  transition  between  the  dunite  and  the  pyroxenite,  the  enstatite 
occurs  disseminated  through  the  dunite  in  some  cases,  in  others  it  forms 
veins  up  to  1  or  2  inches  in  thickness,  frequently  parallel  and  in  parellel 
sets  crossing  each  other  at  right  angles.  This  form  lends  probability  to 
the  view  that  much  if  not  all  of  the  enstatite  is  secondarv  after  olivine. 

Megascopic  characters. — In  texture  the  rock  is  a  coarse  bladed  mass, 
sometimes  exceedingly  coarse,  the  individuals  occasionally  attaining  a 
length  of  6  inches,  with  other  dimensions  half  as  great.  It  is  gray  to 
light  yellowish  and  greenish  gray,  being  of  much  lighter  color  than  the 
corresponding  rock  at  Webster.  Irregular  grains  of  chromite  constitute 
the  only  other  visible  primary  constituent.  Plates  and  scales  of  talc  and 
chlorite  are  also  found  in  all  specimens  examined.  Occasionally  small 
portions  of  the  enstatite  are  finely  fibrous.  The  chromite  grains  are 
strongly  magnetic,  but  give  pronounced  bead  test  for  chromium.  Owing 
to  the  very  irregular  outline  of  some  of  the  grains,  it  seems  probable 
that  they  have  received  accretions  of  magnetite  granules  during  the 
alteration  of  portions  of  the  enstatite.  This  would  account  for  the  pecu- 
liar combination  of  properties  observed.  Small,  whitish,  translucent 
grains  and  granular  masses  of  magnesite  are  sometimes  seen  in  the  hand 
specimen. 

Microscopic  chara-ctcrs. — Broad,  irregular  areas  of  enstatite  occupy 
most  of  the  field.  Basal  sections  show  prismatic  cleavage  well  devel- 
oped and  pinacoidal  parting  less  so.  Sections  in  the  prismatic  zone  are 
very  much  elongated  parallel  to  the  vertical  axis.  The  optical  proper- 
ties are,  as  a  rule,  normal ;  that  is,  c  is  the  positive  bisectrix,  and  the 
axial  plane  lies  in  the  brachypinacoid.  As  occasional  extinction  like  that 
of  thin  twinning  lamellae  is  observed,  making  a  small  angle  with  the 
parallel  cleavage  of  the  prismatic  zone,  the  extinction  passing  like  waves 
from  one  set  to  the  other  in  a  rotation  of  about  10°.  The  enstatite  is 
colorless  and  entirely  free  from  pleochroism.  Chemical  analysis  is  given 
below. 


90         CORUNDUM  AND  PERIDOTITES  OF  WESTERN  NORTH  CAROLINA. 

It  is  partially  altered  to  bastite,  which  appears  as  parallel  yellowish 
fibers  in  the  cleavage  cracks  and  along  the  borders,  always  oriented  verti- 
cally with  reference  to  the  enstatite  axes.  In  the  thicker  portions  the 
bastite  shows  a  weak  pleochroism,  being  yellowish  for  rays  vibrating  par- 
allel to  the  fibers  and  colorless  or  nearly  so  at  right  angles  to  them.  In 
about  the  same  proportions  as  the  bastite,  appears  chlorite  also  as  an 
alteration  product  of  the  enstatite.  It  occurs  as  thin  plates,  often 
arranged  parallel  to  the  enstatite  cleavage,  though  frequently  irregular, 
and  in  thick  sections  exhibiting  a  decided  pleochroism ;  yellow  for  vibra- 
tions normal  to  the  cleavage,  green  to  greenish  gray  parallel  to  it. 

A  smaller  amount  of  talc  is  also  formed  from  the  enstatite,  and  ap- 
pears in  some  of  the  sections  as  elongated  plates  and  felted  scales.  Large 
tabular  masses  of  pale-green  talc  are  often  seen  in  the  hand  specimen. 
In  one  instance  (section  CH13)  the  enstatite  is  partially  altered  along 
the  cleavage  cracks  to  greenish  yellow  serpentine. 

Chromite  occurs  in  occasional  grains  in  the  enstatite,  usually  with 
irregular  boundaries,  though  rectangular  and  triangular  sections  also 
occur.  It  is  opaque  except  on  the  thinnest  edges,  which  are  reddish 
brown  by  transmitted  light.  By  incident  light  the  grains  are  purplish 
gray  and  have  a  submetallic  luster. 

Olivine  also  occurs  in  occasional  grains  in  some  of  the  sections,  and  is 
almost  perfectly  fresh,  showing  only  the  slightest  serpentinization  along 
some  of  the  cracks.  Its  freshness  and  clear  transparency  are  in  striking 
contrast  with  the  muddv  half-altered  condition  of  much  of  the  enstatite. 

Magnesite  is  distributed  in  frequent  irregular  patches  through  the  mass 
of  the  rock.  It  passesses  a  highly  developed  rhombohedral  cleavage  but 
no  crystal  boundaries.  It  often  contains  also  small  irregular  grains  of 
P3rrite,  which  are  visible  on  close  examination  in  the  hand  specimen.  In 
one  section  (CHlO-c)  several  grains  of  fresh  olivine  arc  completely 
enclosed  in  the  magnesite. 

Analyses  of  en^tatolite  (enstatite  rock)  from  Corundum 

Hill,  Macon  County. 

[I,  by  Dr.  Charles  Baskerville ;  II,  by  Frank  Julian.] 

I.  II." 

SiOs     51.64  57.30 

AljOa     0.12  Trace 

FeO   9.28  7.45 

MgO     31.93  34.64 

CaO     0.45                

HjO    5.45  1.21 

MnO    0.56                

99.43  100^0 

**  Analysis  II  was  published  by  Genth  In  Bulletin  U.  S.  Geol.  Survey  No.  74,  p.  43. 
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Analysis  I  was  made  on  fresh-looking  material,  but  the  presence  of 
over  5  per  cent  of  water  indicates  that  about  40  per  cent  of  the  rock  had 
altered  into  the  hydrous  minerals,  bastite,  serpentine,  talc,  and  chlorite. 
In  the  sections  examined  with  the  microscope,  however,  the  secondary 
minerals  are  not  so  abundant. 

CORUNDUM    HILL    HORNBLENDE-GRANITE-PORPHYRY. 

A  fine-grained,  white,  granitic  dike,  about  10  foet  tliick,  and  exposed 
for  a  distance  of  about  10  feet  east  and  west,  was  found  about  40  feet 
north  of  the  tunnel  at  the  south  end  of  the  peridotite.  It  is  entirely 
enclosed  in  the  peridotite  and  no  other  outcrop  of  the  rock  was  found. 

Megascopic  characters, — The  rock  is  of  fine  texture  and  is  predomi- 
nantly white,  slightly  speckled  with  dark-green  hornblende.  Besides 
this  and  the  quartz  and  feldspar,  which  are  occasionally  large  enough  to 
be  recognized  in  the  liand  specimen,  no  other  constituents  are  distin- 
guishable by  the  unaided  eye.  Though  slightly  friable  on  the  outcrop, 
a  microscopic  examination  shows  the  minerals  perfectly  fresh. 

Microscopic  characters. — Allotriomorphic  quartz  and  orthoclase,  with 
some  plagioclase  and  occasional  irregular  grains  of  magnetite,  constitute 
the  bulk  of  the  rock.  These  constituents  are  of  uniformly  fine  grain, 
ranging  mostly  below  0.2  mm.  in  diameter.  Scattered  through  this 
fine-grained  mass  are  occasional  large  irregular  grains  of  quartz  and 
both  classes  of  feldspars.  The  quartz  is  most  abundant,  is  frequently 
fractured,  and  in  polarized  light  often  exhibits  strain  phenomena.  These 
larger  grains  are  about  a  millimeter  in  diameter,  though  the  feldspars 
are  frequently  elongated  beyond  this  dimension.  The  large  feldspars 
are  partially  idiomorphic,  though  both  these  and  the  quartz  grains  are 
usually  very  irregular  on  the  borders  and  frequently  so  intergrown  with 
the  fine-grained  constituents  of  the  groundmass  as  to  suggest  magmatic 
corrosion  (PI.  XL,  fig.  5).  The  quartz  contains  a  few  needle-like  inclu- 
sions of  an  undetermined  mineral  of  strong  relief  and  high  interference 
colors. 

The  hornblende  occurs  in  porphyritic  crystals  and  irregular  grain.-; 
of  1  to  2  mm.,  with  poikilitic  intergrowths  of  the  other  constituents  in 
great  abundance :  in  fact,  the  hornblende  forms  merely  an  open  network 
binding  together  numerous  small  grains  of  quartz  and  orthoclase  (PI. 
XL,  fig.  6).  It  is  strongly  pleocliroic,  as  follows:  a ^=  yellow;  6  = 
dark  green;  c  ^=  bluish  green.     Absorption  c  >  b  >  a. 
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WEBSTER  AREA. 

WEBSTER  DUNITE. 

Dunite  is  the  most  important  peridotite  of  the  Webster  area  (PI.  VIII), 
forming  independently  the  great 'majority  of  the  outcrops,  and  usually 
occurring  also  with  other  varieties  where  these  are  found. 

Megascopic  characters, — This  rock  consists  of  an  even-grained  crys- 
talline olivine,  with  more  or  leas  chromite  disseminated  through  the 
mass  in  small  grains  and  crystals.  In  texture  the  olivine  varies  from 
almost  invisible  grains  to  very  coarse-grained  masses,  with  occasional 
individuals  an  inch  or  more  in  diameter.  The  more  common  occur- 
rences are  of  somewhat  coarser  grain  than  loaf  sugar. 

The  least  altered  portions  have  a  light  to  dark  yellowish  green  or 
grayish  green  color,  an  oily  to  vitreous  lustre,  and  an  uneven,  angular 
fracture.  Weathering  gives  rise  to  all  gradations  of  color  from  that  of 
the  fresh  rock  to  the  characteristic  vellowish  or  reddish  brown  of  the 
barren  outcrops.  A  liighly  laminated  structure  is  almost  universally 
developed  in  the  region  a])out  Webster  (PI.  IX,  A  and  B) ;  and  it  is  not 
unnatural  that  it  should  have  been  regarded  as  a  thin-bedded  olivine 
sandstone."  The  lamination  is  parallel  to  that  of  the  inclosing  gneisses, 
and  alternate  larainai  frequently  exhibit  marked  variations  in  color  and 
texture. 

Microscopic  characters. — Transparent,  colorless,  allotriomorphic  olivine 
grains  constitute  the  mass  of  the  rock.  Chromite  in  scattering  crj'stals 
or  irregular  grains  is  a  constant  accessory.  Occasionally  enstatite  and 
a  colorless  monodinic  amphibolc  are  present. 

In  the  great  majority  of  easels,  even  when  the  hand  specimen  looks  per- 
fectly fresh,  the  olivine  is  found  to  have  altered  somewhat  to  serpentine, 
with  sometimes  more  or  less  talc,  chlorite,  etc.  Hence  the  olivine  grains 
are  usuallv  completelv  separated  from  one  another  bv  tliese  secondary 
products.  In  many  specimens,  however,  the  alteration  has  been  very 
slight ;  and,  in  a  few  sections,  only  traces  of  serpentine  are  to  be  found. 

The  olivine  is  transparent  and  colorless,  and  exhibits  typical  optical 
characteristics — high  index  of  refraction,  and  hence  considerable  relief 
and  decidedly  roughened  surface,  very  strong  double  refraction,  giving 
rise  to  interference  colors  of  high  orders  with  crossed  nicols.  It  is  usually 
free  from  inclusions,  though  sometimes  it  holds  small  grains  of  chromite. 
It  seldom  lia^  crvstal  outlines,  and  still  more  rarelv  a  tendencv  to  por- 
phyritic  development.     In  fresh  specimens  the  irregular  grains  fit  accu- 

«  A.  A.  Jullen,  Dunite  beds  of  Nortb  Carolina.  Proc.  Nat.  Hl8t.  Soc.  Boston,  Vol. 
XXII,  1882.  pp.  141-149. 
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rately  into  each  other  with  no  interstitial  matter  whatever  (PI.  XLI, 
fig.  2) .  Where  serpentinization  has  only  begun,  the  olivine  still  retains  its 
characteristic  angularity;  and  adjoining  grains,  though  slightly  separated 
by  secondary  products,  are  exact  counterparts  in  outline.  It  is  only  in  a 
somewhat  advanced  stage  of  alteration  that  the  corners  become  rounded 
and  the  section  under  the  microscope  assumes  the  appearance  of  rubble 
masonrv. 

In  fresh  specimens  the  olivine  grains  are  often  broken  by  irregular 
fractures  (PL  XLI,  fig.  1),  and  occasionally  exhibit  imperfect  cleavage 
parallel  to  the  brachypinacoid  (010.).  With  the  beginning  of  alteration 
to  serpentine,  however,  the  increase  in  volume  gives  rise  to  stresses  that 
greatly  increase  the  irregular  fracturing  and  frequently  develop  regular 
cleavage  cracks  in  considerable  numbers.  In  many  specimens  of  fine 
texture  the  small  grains  extinguish  together  over  considerable  areas  and 
the  irregular  outlines  fit  perfectly  together.  This  is  especially  true  of 
those  massive  varieties  in  which  the  alteration  of  the  olivine  is  well 
begun.  In  such  cases  the  fine  texture  is  evidently  secondary,  being  a 
mechanical  result  of  the  chemical  changes  (PI.  XLI,  figs.  3,  4). 

Where  lamination  is  developed,  as  in  most  of  the  Webster  outcrops, 
the  microscope  shows  this  to  be  the  result  of  shearing,  by  which  a  large 
part  of  the  olivine  has  been  crushed  into  much  smaller  grains.  The 
broken  fragments  are  generally,  though  not  always,  rolled  completely  out 
of  orientation,  so  that  no  indication  of  the  original  size  of  the  grains  or 
structure  of  the  rock  can  be  found  in  the  sheared  portions.  The  resem- 
blance to  a  sandstone,  which  is  often  a  striking  characteristic  of  the  out- 
crops, is  not  complete,  however,  in  the  thin  section;  the  grains  are  less 
rounded  than  is  usual  in  sandstones,  and  the  interstitial  material  is  the 
same  as  the  larger  fragments,  differing  only  in  being  more  finely  brec- 
ciated.  Alternating  with  the  shear-zones  are  frequently  to  be  found  thin 
laminae  of  typical  granular  dunitc  with  the  olivine  grains  unbroken  and 
entirely  undisturbed.  Within  these  laminae  the  grains  fit  perfectly  to- 
gether and  the  characters  are  in  every  respect  the  same  as  observed  in  the 
massive  rock  (PI.  XLI,  fig.  5). 

Chloritization,  a  mode  of  alteration  much  less  common  than  serpen- 
tinization, is  well  represented  in  portions  of  the  Webster  dunite  along 
the  western  border  of  the  outcrop  5  miles  northeast  of  Webster  and 
three-fourths  mile  south  of  Addie,  on  the  road  to  Hall.  Thin  sections 
of  this  rock  show  numerous  small  remnants  of  olivine,  but  the  great  mass 
of  the  rock  is  composed  of  chlorite  in  slender  blades  and  radiating 
clusters.  Small  amounts  of  talc  and  carbonates  are  also  present  and 
numerous  patches  and  strings  of  magnetite  granules  (PI.  XLI,  fig.  6). 

Chromite  is  a  characteristic  accessor^  in  all  the  peridotites  of  the 
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region,  occurring  in  octahedral  crystals  and  irregular  grains  disseminated 
through  the  rock.  In  size  it  is  usually  about  the  same  as  the  olivine, 
though  sometimes  considerably  larger  or  smaller,  and  is  characteristically 
surrounded  by  a  corona  of  chlorite  (PI.  XLII,  fig.  1).  Chromite  is  dis- 
tributed with  remarkable  uniformity  through  the  dunite,  the  proportion 
varying  only  within  narrow  limits.  Several  grains  are  to  be  found  in 
every  thin  section,  constituting  in  most  cases  perhaps  much  less  than  one 
per  cent  of  the  bulk  of  the  rock. 

The  chromite  is  often  broken  by  irregular  cracks  containing  serpen- 
tine, chlorite,  or  talc,  but,  as  a  rule,  it  is  much  less  fractured  than  the 
olivine.  In  a  few  instances  regular  parting  planes  are  well  developed  in 
two  or  three  directions.  In  specimen  W22  a  large  chromite  grain  was 
nearly  all  broken  out  in  preparing  the  section,  but  the  narrow  rim  that 
remains  shows  three  equal  sets  of  parting  cracks  at  angles  of  60°  (PL 
XLII,  fig.  2).  Others  show  one  or  two  sets  of  parallel  fractures;  but 
none  of  the  sections  exhibiting  these  phenomena  possesses  crystallo- 
graphic  boundaries,  and  hence  it  is  impossible  to  determine  the  orienta- 
tion. This  is  doubtless  to  be  regarded  as  a  pseudo-cleavage,  or  parting, 
due  to  polysynthetic  twinning  lamellje  parallel  to  the  planes  of  the 
octahedron,  as  often  observed  in  spinel,  magnetite,  franklinite,  and  other 
members  of  the  group.  This,  however,  seems  to  be  the  first  recorded  ob- 
servation of  its  occurrence  in  chromite. 

In  several  sections  the  chromite  grains  have  such  strongly  reentrant 
contours  as  to  suggest  corrosion  (PI.  XLII,  fig.  2).  The  mineral  varies 
from  a  translucent  yellowish  or  reddish  brown  to  opaque;  by  incident 
light  it  varies  from  dull  reddish  brown  to  submetallic  iron-gray.  The 
degree  of  translucence  depends  in  a  large  measure  on  the  thickness  of 
the  section.  The  apparently  opaque  specimens,  when  examined  with  a 
high  power  objective,  usually  show  some  thin  edge  or  granulated  portion 
of  the  usual  color  and  translucence.  Grains  from  the  hand  specimen, 
that  were  strongly  magnetic,  yielded,  when  crushed,  a  reddish  brown 
translucent  powder,  which  gave  strong  reaction  for  chromium  with 
sodium-ammonium  phosphate.  In  only  one  instance  (section  W9-1) 
has  chromite  been  found  to  contain  an  inclusion.  The  specimen  was 
collected  on  the  eastern  border  of  the  dunite  southeast  of  Webster,  near 
the  river.  The  section  shows  an  irregular  translucent  grain  of  chromite 
enclosing  small  grains  of  olivine  (PI.  XLII,  fig.  3).  This  may  also  be 
regarded  as  the  result  of  corrosion  of  the  chromite  by  the  olivine  magma, 
the  latter  afterwards  crystallizing  in  the  cavity. 

Enstatite,  wlien  present,  lias  the  same  characters  as  in  the  harzburgite 
at  }5alsam  Gap  and  elsewliore;    that  is,  it  appears  in  broad,  rounded 
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areas,  with  well-developed  cleavage,  but  without  crystal  boundaries.  It 
contains  numerous,  pale  reddish  yellow  interpositions  which  produce  the 
schillerizaiton  of  the  hand  specimen.  It  is  often  much  altered  to  talc, 
serpentine,  bastite,  and  chlorite,  and  particularly  talc.  These  secondary 
products  retain  so  perfectly  the  original  characters  of  the  enstatite  that 
the  alteration  is  usually  not  observed  till  the  section  is  examined  between 
crossed  nicols. 

A  colorless  monoclinic  amphibole,  probably  cummingtonite,  sometimes 
occurs  in  short  lath-shaped  crystals.  In  most  cases  this  mineral  is  to  be 
regarded  as  a  secondary  constituent,  though  it  is  doubtless  sometimes 
primary.     (See  footnote,  p.  67.) 

Analyses  of  Webster  dunite. 
[By  F.  A.  Genth,  Bull.  U.  S.  Geol.  Survey  No.  74,  1891,  p.  47.] 

I.  II. 

SiOj     41.89  40.74 

AljO,     trace  trace 

FeO     7.39  7.26 

MgO    49.13  49.18 

CaO     0.06  0.02 

H,0    0.82  0.76 

NiO   0.35  0.39 

Chromite     0.58  1.83 

100.22  ioo7i8 

Specific  gravity  3.282  3.252 

WEBSTER     WEBSTERITE. 

The  type  locality  of  websterite  is  found  in  the  midst  of  the  broad 
dunite  area  just  southeast  of  the  town  of  Webster.  It  forms  an  outcrop 
with  a  maximum  width  just  north  of  the  Tuckaseegee  River  of  550  feet, 
and  a  length  of  1  mile  in  the  direction  of  the  lamination  of  the  dunite, 
X.  10°  W.  The  lamination  here,  as  usually  elsewhere,  conforms  to  the 
direction  of  the  axis  of  greatest  elongation  of  the  mass.  The  websterite 
is  entirely  enclosed  in  dunite,  the  western  contact  of  the  two  types  being 
distinctly  visible  at  the  locality  mentioned.  For  a  breadth  of  10  feet  a 
semblance  of  interlamination  with  dunite  is  found  in  the  websterite,  the 
alternate  layers  varying  from  a  thickness  of  1  foot  down  to  less  than  one- 
fourth  of  an  inch.  The  microscope  shows,  however,  that  this  appearance 
is  due  to  the  presence  of  numerous  shear  zones  in  which  weathering  has 
advanced  more  rapidly  than  in  the  adjoining  rock,  causing  the  yellowish 
discoloration  resembling  the  color  of  the  peridotites. 

Websterite  occurs  again  3  miles  east  of  Webster,  on  Cane  Creek  a  mile 
above  its, mouth,  where  it  is  also  associated  with  dunite. 
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Megascopic  characters, — Websterite  is  a  saccharoidal  aggregate  of 
green  diopside  and  the  reddish  brown  bronzite  variety  of  enstatite.  It 
closelv  resembles  much  of  the  dunite  with  which  it  is  associated,  but  has 
less  of  the  prevailing  yellowish  tinge  of  that  rock,  is  of  a  brighter  and 
more  decided  green  color,  and  has  suffered  much  less  alteration.  Lam- 
ination, also,  though  not  entirely  wanting,  is  much  less  developed  than 
in  the  dunite. 

The  amount  of  bronzite  present  varies  considerably,  but  it  is  always 
in  smaller  quantity  than  the  diopside,  and,  as  noted  by  Dr.  G.  H.  Wil- 
liams in  the  original  description  of  the  rock,"  "shows  a  tendency  to 
concentrate  in  bands  or  nests.''  Large  plates  of  both  the  pyroxenes, 
many  times  the  diameter  of  the  average  grains,  are  frequently  found 
throughout  the  mass.  Sometimes  these  plates  are  chiefly  diopside, 
sometimes  bronzite,  and  rarely  both  p\Toxenes  are  thus  developed  in  the 
same  section.  Dr.  Williams  noted  this  condition  with  regard  to  the 
bronzite,  and  referred  to  it  as  porphyritic  development.  This  designa- 
tion is  apt  to  be  misleading,  however,  inasmuch  as  the  larger  pyroxenes 
are  not  phenocrysts  in  the  usual  acceptance  of  that  term,  but  simply 
large  anhedrons.  Much  of  the  rock  possesses  an  even-grained  saccha- 
roidal texture,  like  the  dunite. 

The  websterite  outcrops  support  a  moderate  growth  of  trees,  which 
stand  out  in  strong  contrast  with  the  barrenness  of  the  dunite  on  each 
side  of  it.  This  may  be  accounted  for  by  the  presence  of  lime  and  a  little 
alumina  in  the  rock,  which,  on  decomposition,  form  with  the  ocherous 
products  something  like  a  normal  soil. 

Microscopic  characters. — Under  the  microscope  the  diopside  is  pale 
green  to  nearly  colorless,  and  the  bronzite  is  light  reddish  brown  or  pale 
green,  according  to  the  orientation  of  the  section.  Both  pyroxenes  have 
the  prismatic  cleavages  well  developed,  especially  in  basal  sections,  but 
seldom  show  more  than  a  trace  of  pinacoidal  parting  (PI.  XLII,  fig.  4). 
Both  contain  inclusions  of  pleonaste  in  small,  rounded,  translucent  grains 
of  green  to  yellowish  green  color.  In  some  sections  these  inclusions  are 
exceedingly  numerous,  varying  from  one  to  a  score  or  more  in  each 
pyroxene  grain.  The  pleonaste  in  some  of  the  large  pyroxene  plates 
shows  a  marked  arrangement  parallel  to  the  prismatic  cleavage. 

The  bronzite  of  the  Webster  rock  has  a  distinct  pleochroism,  rays 
vibrating  parallel  to  a  and  b  being  light  reddish  yellow,  and  parallel  to 
c,  pale  green.  It  is  thus  easily  distinguished  from  the  diopside,  which 
remains  pale  green  in  all  positions.     In  the  websterite  from  the  Cane 

>«  Amer.  Geologist,  Vol.  VI,  1800,  44. 
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Creek  locality,  the  pleochroism  of  the  orthorhombic  pyroxene  is  much 
less  pronounced.  The  colors  are  pale  yellowish  parallel  to  a  and  b,  and 
very  pale  greenish  parallel  to  c. 

All  of  the  sections  have  scattered  grains,  sometimes  very  numerous, 
of  a  bright  grass-green  diopside.  Dr.  Williams  regarded  all  the  mono- 
clinic  pyroxenes  of  this  rock  as  chrome-diopside ;  but  in  view  of  the  very 
small  amount  of  chromium  shown  bv  the  analvsis  of  the  rock,  it  seems 
much  more  likely  that  only  the  bright-green  grains  are  of  this  variety. 

Small  irregular  granules  and  dust-patches  of  black  opaque  mineral, 
probably  magnetite,  seem  to  indicate  the  beginning  of  alteration  in  a 
few  places. 

Three  analyses  of  websterite  from  the  Appalachian  peridotite  belt 
have  been  published,  as  given  below.  It  will  be  noted  that  the  Webster 
rock  is  richer  in  silica  and  magnesia  and  poorer  in  lime  and  alumina 
than  the  Maryland  representatives.  The  Mount  Diablo  websterite  is 
practically  identical  with  that  of  Maryland. 

Analyses  of  wehsterite.^^ 

I.                   II.  III.  IV. 

SiOj  55.14  53.98  52.55  53.25 

TiO,  Trace                  .15  .14               

AljO,     66                  1.32  2.71  2.80 

CrA     25                   .53  .44  .54 

FejOa     3.48                 1.41  1.27  .69 

FeO  4.73                 3.90  4.90  5.93 

MnO  03                   .21  .24  .09 

NiO  11  Trace               .07 

CaO  8.39  15.47  16.52  16.22 

MgO  26.66  22.59  20.39  19.91 

K,0  Undet.  Undet.  .27  Trace 

Na,0  30  Undet.  .27  .19 

H.O    38                    .91  1.09  .29 

P2O3  23  Trace  Trace             


100.36 


100.48 


100.52 


99.98 


I.  Websterite,  Webster,  North  Carolina;  E.  A.  Schneider,  analyst. 

II  and  III.  Websterite,  Hebbeville,  6  miles  west  of  Baltimore,  Md.;  T.  M. 
Chatard,  analyst. 

IV.  Websterite,  near  Bagley  Creek,  Mount  Diablo,  Cal.;  W.  H.  Melville, 
analyst. 


"  These  analyses  were  made  In  the  chemical  laboratory  of  the  U.  S.  Geological  Survey. 
I,  II,  and  III  were  published  by  Dr.  G.  H.  Williams  In  Am.  Geologist,  Vol.  VI,  pp. 
35-49.  See  also  Bull.  U.  S.  Geol.  Survey  No.  148,  pp.  84,  92 ;  and  Bulletin  No.  168, 
pp.  43,  53.  213.  IV  was  published  by  Turner  &  Melville  in  Bull.  Geol.  Soc.  Am.,  Vol.  II. 
pp.  383-414. 
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WEBSTER  ENSTATOLITB   (BRONZITITE). 

This  rock  is  usually  only  a  local  facies  of  the  websterite,  forming 
rock  masses  a  few  feet  in  extent  at  intervals  over  the  outcrop.  In  such 
cases  it  is  simply  an  accentuation  of  the  tendency  of  the  bronzite,  already 
noted  in  the  description  of  the  websterite,  to  accumulate  in  bunches. 
These  enstatite  masses  are  exceedingly  resistant  to  weathering,  and  are, 
therefore,  found  weathered  out  on  the  surface  as  loose  boulders.  Such 
loose  masses  have  been  observed  at  both  the  Webster  and  the  Cane  Creek 
localities.  They  have  also  been  found  on  the  surface  of  the  broad  dunite 
outcrop  south  of  Addie,  and  on  the  large,  isolated  lens  of  dunite  a  mile 
south  of  Cane  Creek  Gap.  At  these  two  localities  no  websterite  has 
been  found.  Projecting  ledges  of  the  bronzitite  were  also  observed 
in  situ  in  the  websterite  at  Webster. 

Megascopic  characters. — The  rock  is  very  coarse  grained,  dark  yellow- 
ish to  grayish  brown  in  color,  and  glistens  with  numerous  broad  cleav- 
age faces  of  vitreous  to  bronzy,  submetallic  luster.  It  consists  almost 
entirely  of  large,  interlocking  plates  and  crystalloids  of  the  bronzite 
variety  of  enstatite,  sometimes  more  than  an  inch  broad.  That  found 
with  the  dunite  south  of  Cane  Creek  Gap  is  of  light  yellow  color  without 
distinct  metalloidal  luster. 

Brilliant  grass-green  chrome-diopside,  in  small  grains  and  clusters, 
occurs  sparingly  in  the  darker  variety,  and  is  scarcely  noticeable  in  the 
hand  specimen.  In  the  lighter  colored  rock  it  is  comparatively  abun- 
dant, and  the  strong  contrast  in  color  makes  it  distinctly  visible.  It 
never  constitutes,  however,  more  than  a  very  small  proportion  of  the 
rock. 

Microscopic  characters, — In  thin  section,  the  large  plates  of  enstatite 
that  make  up  the  great  mass  of  the  rock  are  colorless  areas  of  large  size 
and  irregular  boundaries.  Most  of  the  sections  show  well-developed 
cleavage  cracks,  and  occasional  basal  sections  exhibit  two  nearly  equal 
sets  approximately  at  right  angles,  with  diagonal  cracks  much  less  per- 
fectly developed.  In  no  case  has  a  distinct  pleochroism  been  observed 
in  the  enstatite  of  this  rock,  which  is  rather  surprising  in  view  of  the 
fact  that  it  appears  as  a  phase  of  the  websterite,  in  which  the  ortho- 
rhombic  pyroxene  is  invariably  pleochroic. 

It  possesses  the  normal  characters  of  enstatite,  the  basal  sections  ex- 
hibiting in  convergent  polarized  light,  the  emergence  of  an  acute  bisec- 
trix in  a  wide  axial  angle.  Occasional  irregular  grains  of  chromite,  and 
possibly  magnetite,  are  included  in  the  enstatite.  Numerous  thin  micro- 
litic  plates  lie  in  the  cleavage  cracks,  and  these  are  doubtless  the  cause  of 
the  bronzy  luster  so  strikingly  exhibited  by  most  occurrences  of  the  rock. 
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They  are  irregular  in  outline  and  are  much  elongated  parallel  to  the 
vertical  axis.  They  are-  translucent  and  light  yellow  to  yellowish  brown 
in  color.  In  some  of  the  thicker  portions  they  are  found  to  be  isotropic, 
and  resemble  very  closely  the  smaller  chromite  grains.  For  these  reasons 
they  are  regarded  as  probably  chromite  or  picotite.  This  view  is  further 
confirmed  by  the  amount  of  alumina  and  chromic  oxide  obtained  in  the 
analysis  (see  p.  288).  The  plates  are  distributed  irregularly  through  the 
mineral  and  are  sometimes  arranged  in  bands  at  right  angles  to  the 
cleavage,  the  inclusions  themselves  lying  in  the  cleavage  planes  (PL 
XLII,  fig.  5).  The  increased  development  of  these  inclusions  sometimes 
observed  in  the  faulted  and  bent  portions  of  the  enstatite  seem  to  indi- 
cate that  they  are  of  secondary  origin.  Nothing  of  a  similar  nature  has 
been  observed  in  the  enstatite  of  the  websterite. 

Some  sections  of  the  enstatite  in  the  vertical  zone  show  an  abnormal 
extinctioD,  which  has  the  appearance  of  multiple  twinning  at  angles  of 
25°  or  less  with  the  cleavage.  In  such  cases  the  lamellae  extinguish 
about  10°  apart,  the  dark  bands  passing  gradually,  like  waves,  from  one 
set  of  lamellae  into  another. 

The  columnar  structure  ("fasrige  structur"  of  Eosenbusch),  which 
is  often  characteristic  of  enstatite,  is  found  rather  frequently  in  this 
rock,  but  not  in  any  large  proportion  of  the  individuals.  Where  this 
structure  is  developed,  many  of  the  parallel  columns  do  not  extinguish 
at  all  between  crossed  nicols  (PI.  XLII,  fig.  5). 

Pale-green  and  colorless  diopside  and  grass-grieen  chrome-diopside  are 
often  found  in  small  grains  about  the  borders  of  the  enstatite.  These 
have  the  same  characters  as  in  websterite  and  serve  to  emphasize  the 
essential  unity  of  the  two  types. 

A  chemical  analysis  and  a  mineralogical  description  of  the  enstatite 
from  this  rock  are  given  on  p.  288. 

BALSAM  GAP  AREA. 

As  stated  on  p.  46,  peri  dot  ites  form  several  oval  and  elongated  masses 
within  2  miles  southwest  of  Balsam  Gap,  in  the  northeastern  portion  of 
Jackson  County.  The  two  principal  masses  are  1  and  2  miles  west  of 
the  gap,  respectively,  each  forming  the  prominent  point  of  a  small 
mountain  ridge.  The  first,  with  a  length  of  about  one-half  mile,  has  its 
principal  outcrop  three-fourths  of  a  mile  west  of  Balsam  station;  the 
second,  a  blunt  oval  mass  about  800  by  1,200  feet,  is  cut  by  the  railroad 
li  miles  southwest  of  the  station.  Two  smaller  masses  are  also  found 
in  the  vicinity.  The  chief  constituent  of  all  these  is  harzburgite,  local 
variations  in  the  proportion  of  enstatite  giving  rise  to  small  masses  of 
dunite  and  pyroxenite. 
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BALSAM    HARZBURGITE. 

Megascopic  characters. — Tlie  preceding  descriptions  of  dunite  apply 
to  harzburgite  except  for  the  occurrence  in  the  latter  of  numerdus,  rela- 
tively large,  glistening  plates  of  enstatite.  These  are  usually  about 
one-fourth  inch  in  diameter,  which  is  much  larger  than  the  average  size 
of  the  accompanying  olivine.  The  enstatite  is  yellowish  white  to  light 
brown  in  color,  with  a  corresponding  variation  in  luster  from  pearly  to 
bronzy  metallic.  On  scratching  it  with  a  nail  or  knife  point,  it  is 
frequently  found  to  have  altered  completely  to  talc,  though  still  retaining 
the  characteristic  appearance  of  the  original  mineral. 

The  enstatite  is  usually  in  more  or  less  rounded  and  irregular  plates, 
and  never  occurs  as  distinct  crystals.  While  abundant  and  prominent 
throughout  most  of  the  outcrops  of  this  region,  it  often  dwindles  into 
insignificance  or  disappears,  forming  local  transitions  into  dunite  (PI. 
XLI,  fig.  1). 

■  •  The  coarse-grained  character  of  the  olivine  in  these  peridotites  is  note- 
worthy throughout  the  region,  and  occasionally  individual  grains  of 
enormous  size  are  observed ;  most  of  them  are  less  than  one-fourth  inch 
in  diameter,  though  considerable  numbers  are  more  than  an  inch,  and 
some  individuals  of  5  and  6  inches  in  diameter  have  been  found.  These 
phenomenal  olivines  seem  to  possess  no  other  unusual  characters;  they 
are  entirely  irregular  in  shape,  like  the  smaller  grains  with  which  they 
are  associated,  and  are,  in  fact,  simply  great  overgrown  anhedrons. 

Small  prospecting  pits  have  revealed  the  presence  of  numerous  len- 
ticular masses  of  granular  chromite.  These  vary  from  an  inch  or  two 
in  thickness  up  to  several  feet.  The  fine-grained  dunite  dike,  7  inches 
thick,  shown  in  PI.  X,  A,  cuts  the  harzburgite  beside  the  railroad  2  miles 
west  of  the  gap. 

Microscopic  characters. — The  appearance  of  the  rock  under  the  micro- 
scope is  exactly  the  same  as  dunite,  except  for  the  occurrence  of  large 
irregular  enstatite  areas.  These  almost  invariably  contain  the  yellowish 
red  interpositions  that  produce  the  schiUer  observed  in  the  hand  speci- 
men. The  enstatite  exhibits  well-developed  cleavage  but  no  crystal 
boundaries.  It  is  frequently  much  altered  to  talc,  chlorite,  and  bastite, 
in  varying  proportions,  though  this  does  not  usually  appear,  except  when 
examined  between  crossed  nicols.  In  natural  light,  the  secondary  pro- 
ducts retain  all  the  characters  of  the  enstatite,  including  the  character- 
istic interpositions,  just  as,  in  the  hand  specimen,  it  seems  to  be  per- 
fectly fresh  until  its  softness  is  discovered  by  scratching. 


•  •    • 
••    •• 


•  •    • 
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SAPPHIRE  AREA. 

Dl'NITE   AT   THE   BAD    CREEK    MINE. 

The  outcrops  of  the  lenticular  mass  at  this  place  (see  PI.  VII)  are 
composed  chiefly  of  enstatolite,  made  up  of  gray  interlocking  blades  of 
enstatite.  By  the  introduction  of  olivine  it  passes  in  places  into  harz- 
burgite,  and  by  the  elimination  of  the  enstatite,  into  dunite.  Only  the 
dunite  facies  was  studied  microscopically. 

Megascopic  characters. — In  the  hand  specimen  the  granular  olivine  is 
penetrated  in  every  direction  with  numerous  glistening  needles  of  a 
colorless  amphibole,  and  contains  scattered  flakes  of  green  chlorite. 
The  rock  is  dark  greenish  gray  in  color. 

Microscopic  characters, — In  thin  section  olivine  is  found  to  be  greatly 
predominant,  and  is  remarkably  fresh,  showing  no  trace  of  alteration  of 
any  kind  involving  hydration,  except  the  occasional  small  flakes  of 
chlorite.  Colorless  amphibole  in  slender  needles,  and  also  stouter 
prismatic  individuals  penetrate  the  olivine  in  every  direction.  Some 
of  these  are  beginning  to  alter  to  talc.  Xumerous  basal  sections  exhibit 
the  prismatic  outline  and  cleavage  and  the  optical  characters  of 
tremolite  or  cummingtonite.  From  its  close  analog}'  to  the  occurrence 
at  the  Sapphire  mine,  described  below,  it  is  probably  cummingtonite. 

Chromite  is  abundant  in  irregular  grains,  chiefly  opacpie  but  occasion- 
ally showing  a  brownish  translucence.  Most  of  the  grains  are  partially 
or  wholly  wrapped  in  a  thin,  irregular  development  of  chlorite.  The 
latter,  both  with  the  chromite  and  in  scattered  flakes  through  the  olivine, 
exhibits  a  weak  dichroism  in  sections  cut  across  the  cleavage — pale  green 
for  vibrations  parallel,  yellowish  for  those  at  right  angles  to  the  cleavage. 
So  far  as  observed  the  rock  is  entirelv  free  from  enstatite. 

DUNITE  OF  THE  ASBESTOS  MINE. 

At  this  locality  the  greater  part  of  the  mass  is  dunite,  enstatolite 
(enstatite  rock)  occurring  only  in  subordinate  masses  in  the  southeastern 
portions. 

Megascopic  characters. — The  rock  is  a  fine-grained  aggregate  of  gray- 
ish green  olivine,  with  spots  and  streaks  of  darker  color,  almost  black. 
Penetrating  the  mass  in  every  direction  are  numerous,  slender,  glisten- 
ing needles  of  colorless  amphibole,  i)ro})ably  cummingtcmite. 

Microscopic  characters. — The  olivine  closely  resembles  that  of  the  Bad 
Creek  mine,  but  is  not  quite  so  fresh,  showing  slight  alteration  along 
some  of  the  cracks  to  light-green  serpentine,  and  considerable  darkening 
by  the  accumulation  of  secondary  oxide  granules  along  the  fissures. 


• 


•vv/ 
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WEBSTER  AREA. 

WEBSTER  DUNITE. 

Duiiito  iv<i  the  most  important  peridotite  of  the  Webster  area  (PL  VIII), 
forminjr  inde[M?ndently  the  great  "majority  of  the  outerops,  and  usually 
tHvurring  also  with  other  varietie«s  where  these  are  found. 

Megascopic  chanictcrs, — This  reck  consists  of  an  even-grained  cn's- 
tallino  olivine,  with  more  or  leas  chromite  disseminated  through  the 
mass  in  small  grains  and  en-stals.  In  texture  the  olivine  varies  from 
alnu>st  invisible  grains  to  very  coarse-grained  masses,  with  occasional 
individuals  an  inch  or  more  in  diameter.  The  more  common  occur- 
nMUH*s  are  of  somewhat  coarser  grain  than  loaf  sugar. 

The  least  alteriHl  j^K^rtions  have  a  light  to  dark  yellowish  green  or 
grayish  green  color,  an  oily  to  vitreous  lustre,  and  an  uneven,  angular 
fraoniro.  Weathering  gives  rise  to  all  gradations  of  color  from  that  of 
the  fn>sh  nx^k  to  the  characteristic  vellowish  or  reddish  brown  of  the 
Ivarnm  outorojv?,  A  highly  laminated  structure  is  almost  universally 
dovelojxvi  in  the  n»gion  aln^ut  Welvster  (PI.  IX,  A  and  B) :  and  it  is  not 
unnatural  that  it  should  have  been  regarded  as  a  thin-bedded  olivine 
sandstone/"*  The  lamination  is  jvirallel  to  that  of  the  indexing  gneisses, 
and  alternate  lamina*  in\juently  exhibit  marked  variations  in  color  and 
textuT^\ 

.ViV.">vA\'{  iV  ch^nu't'^r^. — Transpviivnt,  ivlorless,  allotriomorphic  olivine 
grains  constitute  the  mass  of  the  rvx^k.  Ohr»mite  in  soatterimr  crvstals 
or  irrw^ilar  crains  is  a  cv^nsiant  acvvssorv.     Occasionallv  enstarite  and 

In  :he  CT^^:  inav^riiv  x^t  vas<>,  evon  when  the  hanc.  sivcimea  !-»ks  i>^r- 
f<v:!v  rrvVr,.  :he  o':v::u  :s  tVun^i  :o  have  a*:e:vvi  <<^ii:ew::a:  :>  sen>enrine, 
w::V.  s*.  :r.t:i!v.cs  :v.;r^^  or  .ess  :a\\  ohlor::«\  etv.     Hence  ::;e  -xiviae  srains 

•  *  •  •  m 

:r>::x:s,     Ir.   :::*:.>    s;>v.:v-v:is,  hv>wi\tT.  the  altera:: >n  >.as   r^een  v^rr 
sl\c""*t;  a!*-.:.  .::  a  tVw  ><Yt:;::s,  ;r.*v  trsv\>  •>:  s<*nvr.::r.e  are  to  Sr  fcuni. 

m 

•k      i      r  .     -'7.    V':7  ■*    !r«^»j^      "    N..""2     .  i  ".     "TJ        ;'*r'.v     Ni"     :•.  *"*     So:     5*.**T*a.    Vju> 
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rately  into  each  other  with  no  interstitial  matter  whatever  (PI.  XLI, 
fig.  2).  Where  serpentinization  has  only  begun,  the  olivine  still  retains  its 
characteristic  angularity;  and  adjoining  grains,  though  slightly  separated 
by  secondary  products,  are  exact  counterparts  in  outline.  It  is  only  in  a 
somewhat  advanced  stage  of  alteration  that  the  corners  become  rounded 
and  the  section  under  the  microscope  assumes  the  appearance  of  rubble 
masonrv. 

In  fresh  specimens  the  olivine  grains  are  often  broken  by  irregular 
fractures  (PL  XLI,  fig.  1),  and  occasionally  exhibit  imperfect  cleavage 
parallel  to  the  brachypinacoid  (010.).  With  the  beginning  of  alteration 
to  serpentine,  however,  the  increase  in  volume  gives  rise  to  stresses  that 
greatly  increase  the  irregular  fracturing  and  frequently  develop  regular 
cleavage  cracks  in  considerable  numbers.  In  many  specimens  of  fine 
texture  the  small  grains  extinguish  together  over  considerable  areas  and 
the  irregular  outlines  fit  perfectly  together.  This  is  especially  true  of 
those  massive  varieties  in  which  the  alteration  of  the  olivine  is  well 
begun.  In  such  cases  the  fine  texture  is  evidently  secondary,  being  a 
mechanical  result  of  the  chemical  changes  (1^1.  XLI,  figs.  3,  4). 

Where  lamination  is  developed,  as  in  most  of  the  Webster  outcrops, 
the  microscope  shows  this  to  be  the  result  of  shearing,  by  which  a  large 
part  of  the  olivine  has  been  crushed  into  much  smaller  grains.  The 
broken  fragments  are  generally,  though  not  always,  rolled  completely  out 
of  orientation,  so  that  no  indication  of  the  original  size  of  the  grains  or 
structure  of  the  rock  can  be  found  in  the  sheared  portions.  The  resem- 
blance to  a  sandstone,  which  is  often  a  striking  characteristic  of  the  out- 
crops, is  not  complete,  however,  in  the  thin  section;  the  grains  are  less 
rounded  than  is  usual  in  sandstones,  and  the  interstitial  material  is  the 
same  as  the  larger  fragments,  differing  only  in  being  more  finely  brec- 
ciated.  Alternating  with  the  shear-zones  are  frequently  to  be  found  thin 
laminae  of  typical  granular  dunite  with  the  olivine  grains  unbroken  and 
entirely  undisturbed.  Witliin  these  laminae  the  grains  fit  perfectly  to- 
gether and  the  characters  are  in  every  respect  the  same  as  observed  in  the 
massive  rock  (PI.  XLI,  fig.  5). 

Chloritization,  a  mode  of  alteration  much  less  common  than  serpen- 
tinization, is  well  represented  in  portions  of  the  Webster  dunite  along 
the  western  border  of  the  outcrop  5  miles  northeast  of  Webster  and 
three-fourths  mile  south  of  Addie,  on  the  road  to  Hall.  Thin  sections 
of  this  rock  show  numerous  small  remnants  of  olivine,  but  the  great  mass 
of  the  rock  is  composed  of  chlorite  in  slender  blades  and  radiating 
clusters.  Small  amounts  of  talc  and  carbonates  are  also  present  and 
nimierous  patches  and  strings  of  magnetite  granules  (PI.  XLI,  fig.  6). 

Chromite  is  a  characteristic  accessory  in  all  the  peridotites  of  the 
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region,  occurring  in  octahedral  crystals  and  irregular  grains  disseminated 
through  the  rock.  In  size  it  is  usually  about  the  same  as  the  olivine, 
though  sometimes  considerably  larger  or  smaller,  and  is  characteristically 
surrounded  by  a  corona  of  chlorite  (PI.  XLII,  fig.  1).  Chromite  is  dis- 
tributed with  remarkable  uniformity  through  the  dunite,  the  proportion 
varying  only  within  narrow  limits.  Several  grains  are  to  be  found  in 
every  thin  section,  constituting  in  most  cases  perhaps  much  less  than  one 
per  cent  of  the  bulk  of  the  rock. 

The  chromite  is  often  broken  by  irregular  cracks  containing  serpen- 
tine, chlorite,  or  talc,  but,  as  a  rule,  it  is  much  less  fractured  than  the 
olivine.  In  a  few  instances  regular  parting  planes  are  well  developed  in 
two  or  three  directions.  In  specimen  W22  a  large  chromite  grain  was 
nearly  all  broken  out  in  preparing  the  section,  but  the  narrow  rim  that 
remains  shows  three  equal  sets  of  parting  cracks  at  angles  of  60°  (PI. 
XLII,  fig.  2).  Others  show  one  or  two  sets  of  parallel  fractures;  but 
none  of  the  sections  exhibiting  these  phenomena  possesses  crystallo- 
graphic  boundaries,  and  hence  it  is  impossible  to  determine  the  orienta- 
tion. This  is  doubtless  to  be  regarded  as  a  pseudo-cleavage,  or  parting, 
due  to  polys}Tithetic  twinning  lamellfe  parallel  to  the  planes  of  the 
octahedron,  as  often  observed  in  spinel,  magnetite,  franklinite,  and  other 
members  of  the  group.  This,  however,  seems  to  be  the  first  recorded  ob- 
servation of  its  occurrence  in  chromite. 

In  several  sections  the  chromite  grains  have  such  strongly  reentrant 
contours  as  to  suggest  corrosion  (PI.  XLII,  fig.  2).  The  mineral  varies 
from  a  translucent  yellowish  or  reddish  brown  to  opaque;  by  incident 
light  it  varies  from  dull  reddish  brown  to  submetallic  iron-gray.  The 
degree  of  translucence  depends  in  a  large  measure  on  the  thickness  of 
the  section.  The  apparently  opaque  specimens,  when  examined  with  a 
high  power  objective,  usually  show  some  thin  edge  or  granulated  portion 
of  the  usual  color  and  translucence.  Grains  from  the  hand  specimen, 
that  were  strongly  magnetic,  yielded,  when  crushed,  a  reddish  brown 
translucent  powder,  which  gave  strong  reaction  for  chromium  with 
sodium-ammonium  phosphate.  In  only  one  instance  (section  W9-1) 
has  chromite  been  found  to  contain  an  inclusion.  The  specimen  was 
collected  on  the  eastern  border  of  the  dunite  southeast  of  Webster,  near 
the  river.  The  section  shows  an  irregular  translucent  grain  of  chromite 
enclosing  small  grains  of  olivine  (PI.  XLII,  fig.  3).  This  may  also  be 
regarded  as  the  result  of  corrosion  of  the  chromite  by  the  olivine  magma, 
the  latter  afterwards  crystallizing  in  the  cavity. 

Enstatite,  when  present,  has  the  same  characters  as  in  the  harzburgite 
at  Balsam  Gap  and  elsewhere;    that  is,  it  appears  in  broad,  rounded 
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areas^  with  well-developed  cleavage,  but  without  cr}'stal  boundaries.  It 
contains  numerous,  pale  reddish  yellow  interpositions  which  produce  the 
schillerization  of  the  hand  specimen.  It  is  often  much  altered  to  talc, 
serpentine,  bastite,  and  chlorite,  and  particularly  talc.  These  secondary 
products  retain  so  perfectly  the  original  characters  of  the  enstatite  that 
the  alteration  is  usually  not  observed  till  the  section  is  examined  between 
crossed  nicols. 

A  colorless  monoclinic  amphibole,  probably  cummingtonite,  sometimes 
occurs  in  short  lath-shaped  crystals.  In  most  cases  this  mineral  is  to  be 
regarded  as  a  secondary  constituent,  though  it  is  doubtless  sometimes 
primary.     (See  footnote,  p.  67.) 

Analyses  of  Webster  dunite. 
[By  F.  A.  Genth,  Bull.  U.  S.  Geol.  Survey  No.  74,  1891,  p.  47.] 

I.  II. 

SiO,     41.89  40.74 

AlaO,     trace  trace 

FeO     7.39  7.26 

MgO    49.13  49.18 

CaO     0.06  0.02 

H,0    0.82  0.76 

NiO   0.35  0.39 

Chromite     0.58  1.83 

100.22  100.18 

Specific  gravity  3.282  3.252 

WEBSTER     WEBSTERITE. 

The  type  locality  of  websterite  is  found  in  tlie  midst  of  the  broad 
dunite  area  just  southeast  of  the  to\^Ti  of  Webster.  It  fotms  an  outcrop 
with  a  maximum  width  just  north  of  the  Tuckaseegee  Eiver  of  550  feet, 
and  a  length  of  1  mile  in  the  direction  of  the  lamination  of  the  dunite, 
X.  10°  W.  The  lamination  here,  as  usually  elsewhere,  conforms  to  the 
direction  of  the  axis  of  greatest  elongation  of  the  mass.  The  websterite 
is  entirely  enclosed  in  dunite,  the  western  contact  of  the  two  types  being 
distinctlv  visible  at  the  localitv  mentioned.  For  a  breadth  of  10  feet  a 
semblance  of  interlamination  with  dunite  is  found  in  the  websterite,  the 
alternate  layers  varying  from  a  thickness  of  1  foot  down  to  less  than  one- 
fourth  of  an  inch.  The  microscope  shows,  however,  that  this  appearance 
is  due  to  the  presence  of  numerous  shear  zones  in  which  weathering  has 
advanced  more  rapidly  than  in  the  adjoining  rock,  causing  the  yellowish 
discoloration  resembling  the  color  of  the  peridotites. 

Websterite  occurs  again  3  miles  east  of  Webster,  on  Cane  Creek  a  mile 
above  its  mouth,  where  it  is  also  associated  with  dunite. 
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Megascopic  characters. — Websterite  is  a  saccharoidal  aggregate  of 
green  diopside  and  the  reddish  brown  bronzite  variety  of  enstatite.  It 
closely  resembles  much  of  the  dunite  with  which  it  is  associated,  but  has 
less  of  the  prevailing  yellowish  tinge  of  that  rock,  is  of  a  brighter  and 
more  decided  green  color,  and  has  suffered  much  less  alteration.  Lam- 
ination, also,  though  not  entirely  wanting,  is  much  less  developed  than 
in  the  dunite. 

The  amount  of  bronzite  present  varies  considerably,  but  it  is  always 
in  smaller  quantity  than  the  diopside,  and,  as  noted  by  Dr.  G.  H.  Wil- 
liams in  the  original  description  of  the  rock,"  "shows  a  tendency  to 
concentrate  in  bands  or  nests."  Large  plates  of  both  the  pyroxenes, 
many  times  the  diameter  of  the  average  grains,  are  frequently  found 
throughout  the  mass.  Sometimes  these  plates  are  chiefly  diopside, 
sometimes  bronzite,  and  rarely  both  pyroxenes  are  thus  developed  in  the 
same  section.  Dr.  Williams  noted  this  condition  with  regard  to  the 
bronzite,  and  referred  to  it  as  porphyritic  development.  This  designa- 
tion is  apt  to  be  misleading,  however,  inasmuch  as  the  larger  pyroxenes 
are  not  phenocrysts  in  the  usual  acceptance  of  that  term,  but  simply 
large  anhedrons.  Much  of  the  rock  possesses  an  even-grained  saccha- 
roidal texture,  like  the  dunite. 

The  websterite  outcrops  support  a  moderate  growth  of  trees,  which 
stand  out  in  strong  contrast  with  the  barrenness  of  the  dunite  on  each 
side  of  it.  'I'his  may  ])c  accounted  for  by  the  presence  of  lime  and  a  little 
alumina  in  the  rook,  which,  on  decomposition,  form  with  the  ocherous 
products  something  like  a  normal  soil. 

Microscopic  characters. — Under  the  microscope  the  diopside  is  pale 
green  to  nearly  colorless,  and  the  bronzite  is  light  reddish  brown  or  pale 
green,  according  to  the  orientation  of  the  section.  Both  pyroxenes  have 
the  prismatic  cleavages  well  developed,  especially  in  basal  sections,  but 
seldom  show  more  tlian  a  trace  of  pinacoidal  parting  (PI.  XLII,  fig.  -1). 
Both  contain  inclusions  of  pleonaste  in  small,  rounded,  translucent  grains 
of  green  to  yellowish  green  color.  In  some  sections  these  inclusions  are 
exceedingly  numerous,  varying  from  one  to  a  score  or  more  in  each 
pyroxene  grain.  The  pleonai^te  in  some  of  the  large  pyroxene  plates 
shows  a  marked  arrangement  parallel  to  the  prismatic  cleavage. 

The  i)ronzite  of  the  We])ster  rock  lias  a  distinct  pleochroism,  rays 
vibrating  parallel  to  a  and  b  being  light  reddish  yellow,  and  ])arallel  to 
c,  pale  grtHMi.  it  is  thus  easily  distinguished  from  the  diop^iide,  which 
remains  ])ale  green  in  all  positions.     In  the  websterite  from  the  Cane 

»"  Amer.  Geologist,  Vol.  VI,  1890,  44. 
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Creek  locality,  the  pleochroism  of  tho  orthorlioinbic  pvroxene  is  much 
le88  pronounced.  The  colors  are  pale  yellowisli  ])aralh^l  to  a  and  b.  and 
very  pale  greenish  parallel  to  c. 

All  of  the  sections  have  scattered  frrains.  sometiiiK'S  very  numerous, 
of  a  bright  grass-green  diopside.  Dr.  Williams  regarded  all  the  mono- 
clinic  pyroxenes  of  this  rock  as  chronie-diopside:  but  in  view  of  the  very 
small  amount  of  chromium  shown  bv  the  analvsis  of  the  rock,  it  setmis 
much  more  likely  that  only  the  bright-grccn  grains  are  of  this  variety. 

Small  irregular  granules  and  dust-patohos  of  black  opaque  mineral, 
probably  magnetite,  seem  to  indicate  the  beginning  of  alteration  in  a 
few  places. 

Three  analyses  of  websterite  from  the  Appalachian  peridotite  belt 
have  been  published,  as  given  bdow.  Ft  will  be  noted  that  the  Webster 
rock  is  richer  in  silica  and  magnesia  and  ])oorer  in  lime  and  alumina 
than  the  Maryland  representatives.  The  Blount  Diablo  websterite  is 
practically  identical  with  that  of  Maryland. 

Analyses  of  wehsterite.^' 

I.                    II.  III.  IV. 

SiOj  55.14  53.98  52.55  53.25 

TiO,  Trace                  .15  .14               

AlA     6«  1.32  2.71  2.80 

CFjO,     25                    .53  .44  .54 

Fe,Oa     3.48                  1.41  1.27  .CO 

FeO  4.73  3.90  4.90  5.93 

MnO  03                   .21  .24  .09 

NIO  11  Trace               .07 

CaO  S.39  15.47  16.52  10.22 

MgO  2G.66  22.59  20.39  19.91 

K,0  Undet.  l-ndet.  .27  Trace 

Na,0  30  rndet.  .27  .19 

HjO    .38                    .91  1.09  .29 

PA  23  Trace  Trace             

100.3f)  1O0.4S  100.52  99.98 

I.  Websterite,  Webster.  North  Carolina;  E.  A.  Schneider,  analyst. 

II  and  III.  Websterite.  Hebbeville.  ♦>  miles  west  of  Baltimore.  Md.:  T.  M. 
Cbatard,  analyst. 

IV.  Websterite,  near  Bagley  Creek.  Mount  Diablo.  Cal.:  W.  H.  Melville. 
analjrst. 

"These  analyses  were  made  in  the  rlicQiiral  laboratory  of  the  T'.  S.  fieoloplcal  Survey. 
I,  II,  and  III  were  published  ]>.v  Dr.  (;.  11.  Williams  In  Am.  Geologist,  Vol.  VI.  pp. 
35-49.  See  also  Bull.  U.  S.  (;«'ol.  Survey  No.  148.  pp.  84.  l>li :  and  Bulletin  No.  HJS, 
pp.  48,  63.  213.  IV  wa«  published  by  Turner  &  Melville  in  Bull,  lieol.  Soc.  Am..  Vol.  IT, 
pp.  883-414. 
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WEBSTER  EN8TAT0LITB   (BRONZITITE). 

This  rock  is  usually  only  a  local  facies  of  the  websterite,  forming 
rock  masses  a  few  feet  in  extent  at  intervals  over  the  outcrop.  In  such 
cases  it  is  simply  an  accentuation  of  the  tendency  of  the  bronzite,  already 
noted  in  the  description  of  the  websterite,  to  accumulate  in  bunches. 
These  enstatite  masses  are  exceedingly  resistant  to  weathering,  and  are, 
therefore,  found  weathered  out  on  the  surface  as  loose  boulders.  Such 
loose  masses  have  been  observed  at  both  the  Webster  and  the  Cane  Creek 
localities.  They  have  also  been  found  on  the  surface  of  the  broad  dunite 
outcrop  south  of  Addie,  and  on  the  large,  isolated  lens  of  dunite  a  mile 
south  of  Cane  Creek  Gap.  At  these  two  localities  no  websterite  has 
been  found.  Projecting  ledges  of  the  bronzitite  were  also  observed 
in  situ  in  the  websterite  at  Webster. 

Megascopic  characters. — ^The  rock  is  very  coarse  grained,  dark  yellow- 
ish to  grayish  brown  in  color,  and  glistens  with  numerous  broad  cleav- 
age faces  of  vitreous  to  bronzy,  submetallic  luster.  It  consists  almost 
entirely  of  large,  interlocking  plates  and  crystalloids  of  the  bronzite 
variety  of  enstatite,  sometimes  more  than  an  inch  broad.  That  found 
with  the  dunite  south  of  Cane  Creek  Gap  is  of  light  yellow  color  without 
distinct  metalloidal  luster. 

Brilliant  grass-green  chrome-diopside,  in  small  grains  and  clusters, 
occurs  sparingly  in  the  darker  variet}',  and  is  scarcely  noticeable  in  the 
hand  specimen.  In  the  lighter  colored  rock  it  is  comparatively  abun- 
dant, and  the  strong  contrast  in  color  makes  it  distinctly  visible.  It 
never  constitutes,  however,  more  than  a  very  small  proportion  of  the 
rock. 

Microscopic  characters, — In  thin  section,  the  large  plates  of  enstatite 
that  make  up  the  great  mass  of  the  rock  are  colorless  areas  of  large  size 
and  irregular  boundaries.  Most  of  the  sections  show  well-developed 
cleavage  cracks,  and  occasional  basal  sections  exhibit  two  nearly  equal 
sets  approximately  at  right  angles,  with  diagonal  cracks  much  less  per- 
fectly developed.  In  no  case  has  a  distinct  pleochroisra  been  observed 
in  the  enstatite  of  this  rock,  which  is  rather  surprising  in  view  of  the 
fact  that  it  appears  as  a  phase  of  the  websterite,  in  which  the  ortho- 
rhombic  pyroxene  is  invariably  pleochroic. 

It  possesses  the  normal  characters  of  enstatite,  the  basal  sections  ex- 
hibiting in  convergent  polarized  light,  tlie  emergence  of  an  acute  bisec- 
trix in  a  wide  axial  angle.  Occasional  irregular  grains  of  chromite,  and 
possibly  magnetite,  are  included  in  the  enstatite.  Numerous  thin  micro- 
litic  plates  lie  in  the  cleavage  cracks,  and  these  are  doubtless  the  cause  of 
the  bronzy  luster  so  strikingly  exhibited  by  most  occurrences  of  the  rock. 
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They  are  irregular  in  outline  and  are  much  elongated  parallel  to  the 
vertical  axis.  They  are-  translucent  and  light  yellow  to  yellowish  brown 
in  color.  In  some  of  the  thicker  portions  they  are  found  to  be  isotropic, 
and  resemble  very  closely  the  smaller  chromite  grains.  For  these  reasons 
they  are  regarded  as  probably  chromite  or  picotite.  This  view  is  further 
confirmed  by  the  amount  of  alumina  and  chromic  oxide  obtained  in  the 
analysis  (see  p.  288).  The  plates  are  distributed  irregularly  through  the 
mineral  and  are  sometimes  arranged  in  bands  at  right  angles  to  the 
cleavage,  the  inclusions  themselves  lying  in  the  cleavage  planes  (PI. 
XLII,  fig.  5).  The  increased  development  of  these  inclusions  sometimes 
observed  in  the  faulted  and  bent  portions  of  the  enstatite  seem  to  indi- 
cate that  they  are  of  secondary  origin.  Nothing  of  a  similar  nature  has 
been  observed  in  the  enstatite  of  the  websterite. 

Some  sections  of  the  enstatite  in  the  vertical  zone  show  an  abnormal 
extinction,  which  has  the  appearance  of  multiple  twinning  at  angles  of 
25®  or  less  with  the  cleavage.  In  such  cases  the  lamellae  extinguish 
about  10®  apart,  the  dark  bands  passing  gradually,  like  waves,  from  one 
set  of  lamellae  into  another. 

The  columnar  structure  ("fasrige  structur"  of  Eosenbusch),  which 
is  often  characteristic  of  enstatite,  is  found  rather  frequently  in  this 
rock,  but  not  in  any  large  proportion  of  the  individuals.  Where  this 
structure  is  developed,  many  of  the  parallel  columns  do  not  extinguish 
at  all  between  crossed  nicols  (PI.  XLII,  fig.  5). 

Pale-green  and  colorless  diopside  and  grass-green  chrome-diopside  are 
often  found  in  small  grains  about  the  borders  of  the  enstatite.  These 
have  the  same  characters  as  in  websterite  and  serve  to  emphasize  the 
essential  unity  of  the  two  types. 

A  chemical  analysis  and  a  mineralogical  description  of  the  enstatite 
from  this  rock  are  given  on  p.  288. 

BALSAM  GAP  AREA. 

As  stated  on  p.  46,  peridotites  form  several  oval  and  elongated  masses 
within  2  miles  southwest  of  Balsam  Gap,  in  the  northeastern  portion  of 
Jackson  Coimty.  The  two  principal  masses  are  1  and  2  miles  west  of 
the  gap,  respectively,  each  forming  the  prominent  point  of  a  small 
mountain  ridge.  The  first,  with  a  length  of  about  one-half  mile,  has  its 
principal  outcrop  three-fourths  of  a  mile  west  of  Balsam  station;  the 
second,  a  blunt  oval  mass  about  800  by  1,200  feet,  is  cut  by  the  railroad 
1^  miles  southwest  of  the  station.  Two  smaller  masses  are  also  found 
in  the  vicinity.  The  chief  constituent  of  all  these  is  harzburgite,  local 
variations  in  the  proportion  of  enstatite  giving  rise  to  small  masses  of 
dunite  and  pyroxenite. 
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BALSAM    HARZBUROITE. 

Megascopic  characters. — The  preceding  descriptions  of  dunite  apply 
to  harzburgite  except  for  the  occurrence  in  the  latter  of  numerous,  rela- 
tively large,  glistening  plates  of  enstatite.  These  are  usually  about 
one-fourth  inch  in  diameter,  which  is  much  larger  than  the  average  size 
of  the  accompanying  olivine.  The  enstatite  is  yellowish  white  to  light 
brown  in  color,  with  a  corresponding  variation  in  luster  from  pearly  to 
bronzy  metallic.  On  scratching  it  with  a  nail  or  knife  point,  it  is 
frequently  found  to  have  altered  completely  to  talc,  though  still  retaining 
the  characteristic  appearance  of  the  original  mineral. 

The  enstatite  is  usually  in  more  or  less  rounded  and  irregular  plates, 
and  never  occurs  as  distinct  crystals.  While  abundant  and  prominent 
throughout  most  of  the  outcrops  of  this  region,  it  often  dwindles  into 
insignificance  or  disappears,  forming  local  transitions  into  dunite  (PI. 
XLI,  fig.  1 ) . 

•  .  The  coarse-grained  character  of  the  olivine  in  these  peridotites  is  note- 
worthy throughout  the  region,  and  occasionally  individual  grains  of 
enormous  size  are  observed;  most  of  them  are  less  than  one-fourth  inch 
in  diameter,  though  considerable  numbers  are  more  than  an  inch,  and 
some  individuals  of  5  and  6  inches  in  diameter  have  been  foimd.  These 
phenomenal  olivines  seem  to  possess  no  other  unusual  characters;  they 
are  entirely  irregular  in  shape,  like  tlie  smaller  grains  with  which  they 
are  associated,  and  are,  in  fact,  simply  great  overgrown  anhedrons. 

Small  prospecting  pits  have  revealed  the  presence  of  numerous  len- 
ticular masses  of  granular  chromito.  Tliese  vary  from  an  inch  or  two 
in  thickness  up  to  several  feet.  The  fine-grained  dunite  dike,  7  inches 
thick,  shown  in  PI.  X,  A,  cuts  tlie  harzburgite  beside  the  railroad  2  miles 
west  of  the  gap. 

Microscopic  characters, — The  appearance  of  the  rock  under  the  micro- 
scope is  exactly  the  same  as  dunite,  except  for  the  occurrence  of  large 
irregular  enstatite  areas.  These  almost  invariably  contain  the  yellowish 
red  interpositions  that  produce  the  schiUer  observed  in  the  hand  speci- 
men. The  enstatite  exhibits  well-developed  cleavage  but  no  crystal 
boundaries.  It  is  frequently  mucli  altered  to  talc,  chlorite,  and  bastite, 
in  varying  proportions,  though  this  does  not  usually  appear,  except  when 
examined  between  crossed  nicols.  In  natural  light,  tlie  secondary  pro- 
ducts ret<iin  all  the  characters  of  the  enstatite,  including  the  character- 
istic interpositions,  just  as,  in  the  hand  specimen,  it  seems  to  be  per- 
foctlv  fresh  until  its  softness  is  discovered  bv  scratching. 
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SAPPHIRE  AREA. 

DUNITE   AT   THE   BAD    CREEK    MIXE. 

The  outcrops  of  the  lenticular  ma^s  at  this  place  (see  PI.  VII)  are 
composed  chiefly  of  enstatolite,  made  up  of  gray  interlocking  blades  of 
enstatite.  By  the*  introduction  of  olivine  it  passes  in  places  into  harz- 
burgite,  and  by  the  elimination  of  the  enstatite,  into  dunite.  Only  the 
dunite  facies  was  studied  microscopically. 

Megascopic  characters. — In  the  hand  specimen  the  granular  olivine  is 
penetrated  in  every  direction  with  numerous  glistening  needles  of  a 
colorless  amphibole,  and  contains  scattered  flakes  of  green  chlorite. 
The  rock  is  dark  greenish  gray  in  color. 

Microscopic  characters, — In  thin  section  olivine  is  found  to  be  greatly 
predominant,  and  is  remarkably  fresh,  showing  no  trace  of  alteration  of 
any  kind  involving  hydration,  except  the  occasional  small  flakes  of 
chlorite.  Colorless  amphibole  in  slender  needles,  and  also  stouter 
prismatic  individuals  penetrate  the  olivine  in  every  direction.  Some 
of  these  are  beginning  to  alter  to  talc.  Xumerous  basal  sections  exhibit 
the  prismatic  outline  and  cleavage  and  the  optical  characters  of 
tremolite  or  cummingtonite.  From  its  close  analog}'  to  the  occurrence 
at  the  Sapphire  mine,  d'^scril^ed  below,  it  is  probably  cummingtonite. 

Chromite  is  abundant  in  irregular  grains,  chiefly  opaque  but  occasion- 
ally showing  a  brownish  translucence.  Most  of  the  grains  are  partially 
or  wholly  wrapped  in  a  thin,  irregular  development  of  chlorite.  The 
latter,  both  with  the  chromite  and  in  scattered  flakes  through  the  olivine, 
exhibits  a  weak  dichroism  in  sections  cut  across  the  cleavage — pale  green 
for  vibrations  parallel,  yellowish  for  those  at  right  angles  to  the  cleavage. 
So  far  as  observed  the  rock  is  entirely  free  from  enstatite. 

DUXITE  OF  THE  ASBESTOS  MINE. 

At  this  locality  the  greater  part  of  the  mass  is  dunite,  enstatolite 
(enstatite  rock)  occurring  only  in  subordinate  masses  in  the  southeastern 
portions. 

Mega.^copic  characters. — The  rock  is  a  fine-grained  aggregate  of  gray- 
ish green  olivine,  with  spots  and  streaks  of  darker  color,  almost  black. 
Penetrating  the  mass  in  every  direction  are  numerous,  slender,  glisti^n- 
ing  needles  of  colorless  amphibole,  i»robably  cummingtonite. 

Microscofric  characters. — The  olivine  closely  resembles  that  of  the  Bad 
Creek  mine,  but  is  not  quite  so  fresh,  showing  slight  alteration  along 
some  of  the  cracks  to  light-green  serpentine,  and  considerable  darkening 
by  the  accumulation  of  secondary  oxide  granules  along  the  fissures. 
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Chromite  occurs  in  numerous  grains,  some  of  which  show  crystal 
boundaries,  and  nearly  all  are  more  or  less  wrapped  in  chlorite,  by  which 
the  grains  are  almost  completely  separated  from  the  olivine.  Among 
the  bands  and  clusters  of  dark  ore  granules  along  the  cracks  of  the 
olivine,  doubtless  chiefly  magnetite,  are  occasionally  found  aggregates 
and  streaks  that  are  largely  translucent  and  deep  red  in  color;  these  are 
believed  to  be  hematite. 

Cummingtonite  (amphibole-anthophyllite)  in  numerous  small  slender 
needles  penetrates  everywhere.  It  exliibits  abundant  cross-fracturing, 
and  is  sometimes  partially  altered  to  talc.  The  individuals  are  some- 
times frayed  out  at  the  ends  into  tufts  of  radiating  fibers.  Its  optical 
and  crystallographic  characters  agree  with  either  cummingtonite  or 
tremolite,  but  from  its  close  similarity  to  the  Sapphire  occurrence,  de- 
scribed below,  it  is  probably  the  former. 

DUNITE  OF  THE   SAPPHIRE   MINE. 

Megascopic  characters. — The  rock  is  chiefly  fine-grained  olivine,  vary- 
ing in  color  from  light  greenish  gray  to  very  dark  grayish  green  and 
almost  black.  There  are  also  visible  numerous  tremolite-like  needles  and 
small  rounded  grains  of  chromite.  The  latter  are  strongly  magnetic  and 
were  at  first  thought  to  be  magnetite,  but  in  bead  test  with  sodium- 
ammonium  phosphate  they  give  strong  reaction  for  chromium. 

Portions  of  the  darker  variety  of  d unite  are  thickly  netted  with  inter- 
lacing talc  veins,  usually  about  one- fourth  inch  in  thickness.  These  are 
often  arranged  in  one  or  more  parallel  sets,  sometimes  crossing  each 
other  at  approximately  right  angles,  and  only  one-half  to  one  inch  apart. 

Microscopic  characters, — The  olivine  is  very  fresh  with  the  exception 
of  slight  alteration  to  serpentine  along  some  of  the  cracks.  The  section 
cut  from  a  specimen  with  numerous  tale  veins  shows  considerable  cleav- 
age developed  in  the  olivine,  besides  a  great  increase  in  the  amount  of 
irregular  fracturing.  The  rock  thus  appears  to  have  a  very  fine-grained 
texture,  though  the  original  size  of  the  grains  may  be  often  seen  by  the 
large  areas  in  the  sections  that  show  the  same  optical  orientation. 

The  chromite  occurs  in  large  and  small  irregular  masses,  often  sur- 
rounded hy  chlorite;  it  also  frequently  has  skeleton-like  forms.  The 
chlorite  occurring  with  the  chromite,  and  also  in  occasional  separate 
flakes,  is  slightly  dichroic;  pale  yellow  at  right  angles  to  the  cleavage 
and  light  green  parallel  to  it. 

Cummingtonite  (amphibole-antliophyllite)  in  slender  needle-like  forms 
and  occasional  stouter  individuals  penetrates  the  olivine  in  every  direction, 
the  longer  needles  passing  through  many  olivine  grains.     It  is  greatly 
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cross-fractured  and  is  slightly  altered  to  talc  in  places.  Frayed  out 
fibrous  ends  are  sometimes  seen.  The  characters  observed  under  the 
microscope  agree  equally  well  with  cummingtonite  or  tremolite,  but  tests 
of  portions  of  the  rock  filled  with  the  mineral  failed  to  show  the  presence 
of  calcium,  and  hence  it  must  be  regarded  as  cummingtonite,  or  amphi- 
bole-anthophyllite  (PI.  XLII,  fig.  6). 

The  talc  of  the  veins  polarizes  chiefly  in  large  cleavable  plates.  On 
the  borders  of  the  veins  it  is  more  or  les?  intermingled  with  olivine  and 
cummingtonite,  the  latter  being  often  bent  and  split  into  numerous  fibers 
in  such  cases.  Occasional  grains  of  carbonates  also  occur  in  the  talc 
veins. 

VICINITY    OF    GLENVILLE. 

Of  the  numerous  peridotite  outcrops  in  the  vicinity  of  Glenville,  thin 
sections  were  prepared  only  from  the  harzburgite  at  Thompson  Wilson's 
on  Big  Ridge,  1^  miles  northeast  of  Glenville,  and  from  the  amphibole- 
peridotite  on  the  northeast  slopes  of  Shoal  Mountain,  3  miles  northwest 
of  Glenville. 

HARZBURGITE  ON  BIG  RIDGE. 

In  an  outcrop  about  100  feet  wide  enstatolite  (enstatite  rock)  largely 
predominates,  much  of  it  being  finely  fibrous  or  altered  into  the  asbesti- 
fonn  chrysotile.  By  the  introduction  of  olivine,  however,  the  harz- 
burgite facies  is  developed,  and  some  portions  seem  to  he  composed  almost 
exclusively  of  olivine. 

Megascopic  characters. — In  the  hand  specimen,  besides  dark-green 
granular  olivine,  chlorite  scales  and  slender  needles  of  colorless  amphibole 
are  visible  in  considerable  abundance,  and  less  frequently  ^the  broad 
cleavage  faces  of  enstatite. 

Microscopic  characters. — Olivine,  formerly  coarse-grained  but  now 
much  fissured,  constitutes  the  bulk  of  the  rock.  It  looks  perfectly  fresh 
everywhere,  no  trace  of  alteration  to  serpentine  appearing.  Numerous 
slender  needles  of  colorless  monoclinic  amphibole,  probably  cumming- 
tonite, penetrate  the  olivine  in  every  part  of  the  section.  Enstatite 
occurs  in  broad  rounded  areas,  up  to  10  mm.  in  diameter,  and  is  also 
pierced  in  all  directions  by  the  amphibole  needles.  The  enstatite  is  color- 
less and  non-pleochroic. 

Chlorite  is  developed  in  broad  scales  and  felty  masses  throughout  the 
rock,  both  in  the  olivine  and  the  enstatite.  It  is  uniformly  dichroic, 
displaying  weak  tones  of  yellow  and  green.  A  little  talc  has  been  formed 
in  portions  of  the  enstatite.  Irregular  grains  and  aggregates  of  small 
granules  of  secondary  magnetite  are  distributed  through  the  sections, 
sometimes  in  well-defined  bands.  A  few  scattering  grains  of  carbonates 
are  also  found. 
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AMPHIBOLE-PERIDOTITE    OF    SHOAL    MOUNTAIN. 

Megascopic  characters. — On  the  outcrop  the  rock  appears  to  be  chiefly 
a  compact  chlorite  penetrated  by  a  mineral  of  small  elongated  form  with 
glistening  cleavage  planes.     The  color  is  a  uniform  dark  green. 

Microscopic  characters. — Scattering  grains  and  clusters  of  perfectly 
fresh  olivine  are  uniformly  distributed  through  the  rock.  The  most 
abundant  primary  constituent,  however,  is  a  light-green  amphibole 
(actinolite)  which  occurs  in  somewhat  elongated  irregular  individuals. 
Basal  sections  frequently  exhibit  prismatic  outline,  but  terminal  faces 
are  uniformly  wanting.  The  fresh  individuals  have  a  weak  but  distinct 
pleochroism:  a  =  pale  yellow;  b  =  yellowish  green;  c  :^  light  green. 
Absorption :  c  >  b  >  a.  Much  of  the  amphibole  has  become  entirely 
decolorized,  and  has  black  oxide  granules  segregated  in  the  prismatic 
cleavage  cracks.  Much  of  it  is  also  partially  or  wholly  altered  to  chlorite, 
which  appears  in  thick  cleavable  plates  with  yellowish  and  greenish 
pleochroism.  Chlorite  of  this  nature  constitutes  more  than  half  of  the 
mass  of  the  rock,  judging  from  the  section  and  character  of  the  outcrop ; 
and  most  of  it  has  doubtless  been  derived  from  the  alteration  of  the 
amphibole.     A  few  grains  of  carbonates  were  observed  in  the  section. 

VICINITY    OF    FRENCH    BROAD    RIVER. 

Several  sections  were  studied  from  the  dunite  and  serpentine  outcrops 
that  constitute  the  well-defined  peridotite  belt  crossing  the  French  Broad 
River  7  miles  northwest  of  Asheville,  one  mile  above  Alexander.  The 
belt  is  particularly  well  developed  from  Newfound  Creek,  5  miles 
southwest  of  the  river,  to  Flat  Creek,  5  miles  northeast.  Over  the 
greater  portion  of  this  distance  tlie  outcrops  are  chiefly  serpentine,  with 
minor  developments  of  talcose  rock.<;  unaltered  peridotite  is  rare. 

A  few  sections  wore  also  jirepared  from  related  rocks  northwest  of  this 
belt,  in  the  vicinity  of  Marsliall. 

FRENCH    BROAD  DUNITE. 

Xo  dunite  outcrop,  recognizable  as  such,  was  found  nearer  the  French 
Broad  than  the  small  masses  associated  with  the  serpentine  3  miles 
southwest  of  the  river,  on  Xewlound  Creek.  In  the  opposite  direction, 
4^  miles  northeast  of  the  river,  by  the  ford  of  Little  Flat  Creek,  fresh 
dunite  is  again  encountered. 

Megascopic  characters. — At  both  of  these  localities,  tlie  dunite  is  line- 
grained  and  varies  in  color  from  light  yellowish  and  grayish  green  to 
dark  green.  Small  grains  of  chroniite  are  sparsely  disseminated  through 
the  rock  and  also  small  glistening  scales  of  talc  and  chlorite.  At  both 
places  it  is  distinctly,  though  not  highly,  laminated. 
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Microscopic  characters. — In  natural  light  the  sections  from  both  out- 
crops are  fine  grained,  averaging  usually  0.1  to  0.2  mm.  in  diameter,  and 
the  result  of  shearing  is  distinctly  seen  in  the  arrangement  of  the  grains 
of  the  Little  Flat  Creek  specimen  (PI.  XLIV,  fig.  1).  In  both,  when 
viewed  between  crossed  nicols,  the  small  grains  are  found  to  extinguish 
together  over  considerable  areas.  This  character  is  most  marked  in  the 
rock  from  Newfound  Creek,  in  which  the  areas  of  the  same  orientation 
are  1  to  2  mm.  in  diameter  showing  distinctly  the  manner  in  which  a 
fine-grained  rock  has  been  produced  from  one  of  coarse  texture.  In 
the  slight  shearing  and  granulation  a  little  fine  scaly  talc  and  chlorite 
have  often  been  developed  between  the  grains.  In  the  Flat  Creek  rock, 
narrow  strips  of  serpentine  usually  separate  the  olivine  grains,  and  talc 
occurs  in  occasional  large  cleavable  flakes,  apparently  from  enstatite. 

Octahedral  crystals  and  irregular  grains  of  chromite  are  found  in  the 
sections  from  both  localities. 

french  broad  serpentine. 

(1)  On  Newfound  Creek  just  below  the  mouth  of  Dicks  Creek 
is  a  light  yellowish  green  serpentine  with  a  slightly  mottled  granular 
appearance.  It  contains  scattered  grains  of  chromite,  and  the  approxi- 
mately parallel  arrangement  of  thin  black  lines  gives  it  the  appearance 
of  having  been  subjected  to  slight  shearing. 

Microscopic  characters. — Under  the  microscope  the  serpentine  exhibits 
well-developed  mesh  structure  in  some  places,  and  the  arrangement  of 
the  black  granules  often  marks  out  distinctly  the  original  olivine  grains. 
The  serpentine  of  the  meshes  is  finely  banded,  and  the  higher  powers 
exhibit  a  fibrous  structure  at  right  angles  to  the  banding.  The  black 
granules  are  sometimes  collected  about  the  larger  grains  like  iron  filings 
at  the  poles  of  a  magnet  (PI.  XLIV,  fig.  2). 

(2)  One-fourth  of  a  mile  south  of  the  French  Broad  a  very 
light-gray  ser]jentine  occurs  with  very  slight  granular  mottling,  and 
speckled  with  grains  of  chromite  and  magnetite.  The  development  of  a 
radiating  mineral  in  the  joints  sometimes  forms  sheaths  entirely  enclosing 
large  masses  of  the  rock.  The  mineral  is  in  fine  fibers  and  needle-like 
individuals  approximately  at  right  angles  to  the  walls  between  which 
they  are  formed.  Except  in  structure,  the  sheaths  have  the  same  general 
appearance  as  to  color,  etc.,  as  the  mass  of  the  rock. 

Microscopic  characters. — The  rock  shows  considerable  development  of 
mesh-  or  net-structure,  though  the  oxide  granules  are  irregularly  banded 
and  grouped  and  only  occasionally  mark  the  boundaries  of  the  original 
olivine  grains.     The  chromite  grains  and  larger  groups  of  oxide  granules 
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are  often  partially  or  wholly  surrounded  by  parallel  or  radiating  chlorite. 
The  mineral  of  the  radiating  sheaths  has  altered  to  serpentine,  retaining 
the  form  of  the  fibers  and  needles  of  the  parent  mineral.  From  analogy 
with  the  fresh  mineral  of  the  Reems  Creek  locality  (No.  4  below),  it 
seems  highly  probable  that  this  mineral  was  originally  gedrite  (PL 
XLIII,  fig.  4).  On  the  inside  of  such  sheaths,  next  to  the  inclosed 
serpentine,  confused  aggregates  of  smaller  bundles  of  fibers  are  some- 
times found.  A  whitish,  kaolin-like  material,  nearly  opaque  and  some- 
times stained  brownish  with  iron  oxides,  forms  small  veins  and  irregular 
aggregates  through  the  radial  portions. 

(3)  On  the  south  bank  op  the  French  Broad,  IJ  miles  above 
Alexander,  an  outcrop  of  dark-green  serpentine  15  feet  wide- is  crossed 
by  the  railroad.  The  fresh  fracture  is  flecked  with  small  pearly  scales  of 
chlorite,  and  scattered  grains  of  chromite  also  appear. 

Microscopic  characters. — In  thin  section  the  serpentine  is  light  green- 
ish yellow,  and  much  of  it  has  a  parallel  arrangement  that  indicates 
shearing.  The  black  oxide  granules  also  have  a  somewhat  similar 
arrangement,  but  in  other  portions  they  sometimes  outline  the  original 
olivine  grains.  Chlorite  scales  appear  in  parallel  and  radial  bunches, 
and  thin  veinlets  of  carbonates  traverse  the  section. 

(4)  On  Eeems  Creek,  three- fourths  of  a  mile  from  the  river,  a  very 
compact,  dark-green  and  yellowish  green  serpentine  occurs.  Flakes  of 
talc  and  a  few  small  black  grains  are  scattered  through  the  mass.  En- 
closed in  the  serpentine  are  nodules,  up  to  2  feet  in  diameter,  of  a  light- 
gray,  confusedly  fibrous  mineral ;  these  are  enclosed  in  a  radiating  sheath 
of  the  same  mineral  in  larger  individuals,  separating  the  nodules  from 
the  serpentine. 

Microscopic  characters. — Under  the  microscope  the  serpentine  is  color- 
less. A  well-developed  mesh-structure  and  the  distribution  of  the  ore 
granules  distinctly  mark  out  the  boundaries  of  the  original  olivine  grains. 
Sections  of  the  nodules  in  the  serpentine  exhibit  a  fibrous  colorless  min- 
eral with  numerous  cross  fractures,  a  high  mean  index  of  refraction  and 
very  strong  double  refraction.  Basal  sections  show  the  prismatic  cleav- 
age of  amphibole,  and  the  optical  orientation  is :  a  =  a;  c=^  c.  The 
axial  plane  is  010,  and  the  optical  character  is  negative.  These  proper- 
ties correspond  in  every  respect  with  the  orthorhombic  amphibole,  gedrite. 

As  a  rule,  the  gedrite  is  perfectly  fresh  looking,  but  in  some  places  it 
shows  considerable  alteration  to  fine  scaly  talc  and,  in  smaller  amoimts, 
to  chlorite.  Streaks  and  bunches  of  segregated  oxides  in  other  portions 
also  doubtless  represent  the  initial  stages  of  alteration.  The  fresh  min- 
eral from  the  nodules  and  from  the  radiating  sheaths,  respectively,  is 
shown  in  PI.  XLIII,  figs.  5  and  6. 
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(5)  One  mile  northwest  of  Weaverville,  and  a  half  mile  north 
of  the  Weaverville- Alexander  road,  a  dark,  massive  serpentine  occurs 
with  great  development  of  schistose  talc  in  the  joints,  and  presenting  the 
surface  appearance  of  a  soapstone  outcrop. 

Microscopic  characters. — Microscopic  examination  shows  a  colorless 
to  light-yellow  serpentine  with  well-developed  mesh-structure,  which, 
with  the  bands  of  oxide  grains,  outline  the  original  grains  of  olivine. 
Darker  yellowish  spots  in  the  midst  of  the  meshes  also  mark  tlie  rem- 
nants last  altered  to  serpentine  (PI.  XLIII,  fig.  3). 

MICA-DIORITE    AND    AMPHIBOLITE    NEAR    MARSHALL. 

Three  miles  east  of  Marshall  and  one-half  mile  north  of  the  mouth  of 
Ivy  River,  a  massive,  coarse,  green  amphibolite  forms  the  principal 
part  of  an  outcrop  several  hundred  feet  across,  its  form  and  extent  not 
being  exactly  determined.  In  smaller  masses  the  rock  is  mottled  with 
considerable  feldspar  and  contains  a  large  proportion  of  biotite,  forming 
a  mica-diorite.  The  rock  is  thoroughly  decomposed  over  a  large  part  of 
the  outcrop,  giving  rise  to  abundant  honeycombed  chalcedony.  Numer- 
ous corundum  crystals  have  been  found  over  the  surface. 

Microscopic  characters. — The  amphibolite  in  thin  section  shows  only 
light-green  amphibole  in  broad  rounded  plates.  It  is  slightly  pleochroic 
in  light-green  and  yellowish  green  tones.  Some  portions  are  consider- 
ably darker  green  and  are  filled  with  oxide  granules  evenly  distributed 
or  collected  into  bands  and  patches.  Other  parts  show  the  effects  of 
shearing  and  crushing. 

In  the  mica-diorite  the  amphibole  occurs  in  short,  irregular  grains 
and  somewhat  elongated  laths,  with  schistose  arrangement,  and  is  more 
distinctly  pleochroic :  a  =  pale  yellow  to  yellowish  green ;  b  =  yellowish 
green;  c  =:  green.     Absorption  c  >  b  >  a. 

The  plagioclase  is  in  large  rounded  masses  with  multiple  twinning 
abundant  but  not  universal.  It  is  almost  entirely  fresh,  showing  only 
brownish  dusty  streaks  in  places.  Inclusions  of  smaller  grains  of  am- 
phibole and  biotite,  and  sometimes  large  ones,  are  abundant;  also  numer- 
ous rounded  grains  of  zoisite. 

The  biotite  occurs  in  large  cleavable  plates  and,  like  the  amphibole, 
has  a  rou^lily  parallel  schistose  arrangement.  The  color  is  yellowish 
brown,  and  sections  across  the  cleavage  exhibit  strong  pleochroism,  dark 
yellowish  brown  parallel  to  the  cleavage,  pale  yellow  to  almost  colorless 
for  rays  vibrating  at  right  angles  to  the  cleavage.  Sections  parallel  to 
the  cleavage  show  very  slight  pleochroism,  and  in  convergent  light  show 
a  very  small  axial  angle,  almost  uniaxial.     The  biotite  occasionally  in- 
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eludes  plagioclase  and  amphibole,  besides  numerous  black  oxide  grains 
and  rounded  grains  of  zoisite  (PI.  XLIV,  fig.  3). 

Numerous  rounded  grains,  usually  somewhat  elongated,  with  cleavage 
well  developed  parallel  to  the  elongation,  are  included  in  the  feldspar 
and  biotite.  They  have  a  high  index  of  refraction  and  their  double  re- 
fraction is  somewhat  weaker  than  that  of  the  plagioclase ;  characters  that 
coincide  with  those  of  zoisite. 

Large  pink  garnets,  almost  colorless  in  thin  section,  are  not  uncommon. 

PERIDOSTEATITE  AT  THE   MADISON   COUNTY   HOME. 

This  is  a  somewhat  schistose  olivine-talc  rock,  the  olivine  areas  forming 
dark-gray  to  nearly  black  patches  mottled  and  streaked  with  white  and 
light-green  talc.  In  appearance  it  bears  a  close  resemblance  to  the 
peridosteatite  near  Bryn  Mawr,  Pennsylvania.  The  proportions  of  talc 
and  olivine  vary  considerably  in  different  parts  of  the  outcrop. 

Microscopic  characters, — Evidences  of  shearing  are  distinctly  seen  in 
all  the  constituents  in  thin  section.  The  olivine  is  very  much  fissured, 
but  still  extinguishes  together  over  large  areas,  indicating  that  the  rock 
was  originally  coarse  textured.  In  places  it  is  much  darkened  by  oxide 
granules,  and  shows  a  very  slight  alteration  to  serpentine.  The  talc 
occurs  chiefly  in  felty  masses  with  aggregate  polarization.  Occasionally 
it  is  in  large  cleavable  plates.  Chlorite,  in  very  much  smaller  amounts, 
also  occurs  in  the  same  forms.  Magnesite  forms  large  granular  areas 
in  the  section,  the  individual  grains  usually  showing  rhombohedral 
cleavage. 

PERIDOTITES    ON    IVY    RIVER. 

CARTER    MINE    DUNITE. 

The  large  dunite  mass  in  wliich  the  Carter  corundum  mine  is  located 
is  composed  of  a  fine-grained  laminated  rock,  varying  in  color  from  light 
yellowish  green  to  dark  green  and  almost  black.  With  the  exception  of 
occasional  grains  and  crystals  of  ehromite,  no  other  constituent  but  the 
olivine  is  visible. 

Microscopic  characicrs. — Most  of  the  sections  show  a  very  fine-grained 
rock,  tlie  grains  averaging  .1  to  .2  mm.  in  diameter,  but  with  crossed 
nicols  these  are  found  to  polarize  together  over  considerable  areas,  show- 
ing the  grains  to  have  been  originally  0.(5  to  1  mm.  in  diameter  ( PI. 
XLIII,  figs.  1,  2).  In  some  places  the  orientation  of  the  fissured  grains 
has  been  partially  or  wholly  destroyed  by  movements  that  have  rolled 
the  frasrments  somewhat  upon  each  other.  In  all  cases  the  granules  are 
separated  from  each  other  by  thin  development  of  yellowish  or  greenish 
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serpentine.  Masses  that  look  almost  black  in  the  hand  specimen  show, 
in  thin  section,  light-green  serpentine  heavily  charged  with  magnetite 
granules  surrounding  the  colorless  olivine. 

Sections  of  octahedrons  and  irregular  grains  of  chromite  are  dissemi- 
nated through  the  slide.  Several  of  these  have  reentrant  outlines  and 
some  are  deeply  embayed.  Thin  scales  of  chlorite  are  occasionally  ob- 
served, and  irregular  patches  of  finely  felted  talc.  In  one  section 
(A27')  a  large  area  of  talc  which  exhibits  confused  aggregate  polariza- 
tion, has  in  natural  liglit  the  general  appearance  and  characteristic 
Schiller  interpositions  of  enstatite. 

One  section  (A26)  is  normal  dunite,  without  the  fine  granulation  of 
the  olivine,  and  shows  the  beginning  of  alteration  to  yellowish  serpentine 
in  a  typical  manner. 

SERPENTINE    OF    PAINT    FORK. 

Some  portions  of  the  light  yellowish  green  serpentine  on  Paint  Fork, 
3  miles' north  of  the  Carter  mine,  contain  abundant  remnants  of  olivine 
that  are  visible  in  the  hand  specimen. 

Microscopic  characters, — In  thin  section  much  of  the  serpentine  is 
pale  yellow  to  almost  colorless,  with  irregular  aggregates  of  magnetite  in 
honey-yellow  serpentine  marking  the  positions  of  the  last  remnants  of 
olivine  to  be  altered,  and  fibrous,  brightly  polarizing  serpentine  indicat- 
ing the  original  boundaries  of  the  grains  (PI.  XLIV,  fig.  4).  In  the 
portions  that  still  contain  considerable  olivine,  the  original  outlines  of 
the  grains  are  marked  by  streaks  of  brownish  dust.  Octahedrons  and 
irregular  grains  of  chromite  occur  somewhat  plentifully. 

PERIDOTITES   OF   YANCEY   COUNTY. 

DUNITE    OF    PRICE    CREEK. 

The  rock  is  fine  grained,  light  grayish  green,  with  occasional  chromite 
crystals  visible. 

Microscopic  characters. — In  thin  sections  it  sliows  the  typical  charac- 
ters of  an  allotriomorphic  granular  dunite,  which  has  suffered  only  the 
slightest  beginning  of  alteration  to  ser[)entine.  Besides  the  sections  of 
chromite  crystals,  numerous  small  grains  and  dust-like  particles  of  mag- 
netite are  gatliered  into  clu.>^ters  and  arranged  along  the  boundaries  of 
the  olivine  grains  w^here  a  very  thin  film  of  serpentine  has  been  formed. 
Occasional  elongated  needles  of  colorless  monoclinic  amphibole  are  seen, 
many  of  them  partially  or  almost  wholly  altered  to  talc.  Other  and 
«)mewhat  larger  areas  of  talc  cont^iin  some  of  the  characteristic  schiUer 
inclusions  of  enstatite.    Occasional  fiakes  of  chlorite  are  also  encountered. 
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DUNITE  AT  THE  HAYES  (EGYPT)  MINE. 

This  is  a  dense,  greenish  black  rock  in  which  colorless  amphibole  is 
distinctly  visible  in  the  hand  specimen. 

Microscopic  characters, — Thin  sections  show  a  fine-grained  rock  de- 
rived from  one  of  coarse  texture  by  extensive  fracturing  of  the  olivine, 
which  still  polarizes  together  over  large  areas.  It  is  somewhat  altered 
along  the  borders  to  talc  and  chlorite,  and  frequently  also  along  the 
smaller  fissures  and  cleavage  planes  as  well,  but  no  serpentine  has  been 
formed.  Colorless  amphibole  in  slender  needles  and  stouter  individuals  is 
frequently  seen,  and  is  usually  more  or  less  altered  to  talc  (foot-note 
p.  67).  Talc  and  chlorite  form  numerous  large  cleavable  plates  and 
irregular  areas  with  aggregate  polarization,  and  large  irregular  masses  of 
magnetite  are  numerous.  Carbonates  form  granular  cleavable  masses  in 
considerable  abundance  in  portions  of  the  rock. 

MICA-DIORITE  AT  THE  HAYES  (eGYPT)  MINE. 

This  dense,  greenish  black  rock,  apparently  consisting  chiefly  of  horn- 
blende flecked  witli  small  whitish  grains  of  feldspar,  accompanies  the 
dunite  outcrops  at  the  Egypt  mine.  It  has  a  quite  distinct  schistose 
structure. 

Microscopic  characters. — About  three-fourths  of  the  bulk  of  the  rock 
consist  of  green  hornblende,  which  shows  a  distinctly  schistose  arrange- 
ment in  thin  section.  It  is  pleochroic :  a  =  light  yellow,  b  =  yellowish 
green,  c  =  green.  The  absorption  is :  c  >  b  >  a,  and  the  extinction, 
c  A  c,  is  near  20°.  Plagioclase  feldspar  occurs  in  irregular  rounded 
grains,  and  exhibits  very  little  multiple  twinning  or  cleavage.  Biotite 
occurs  in  small  plates  and  clusters  throughout  the  rock.  It  is  strongly 
pleochroic,  rays  vibrating  parallel  to  the  cleavage  being  dark  reddish 
brown,  while  for  vibrations  perpendicular  to  the  cleavage  the  color  is 
pale  yellow  to  almost  colorless.  Magnetite  occurs  in  numerous  irregular 
grains  and  patches  and  in  elongated  streaks  parallel  to  the  schistosity. 

ANORTHOSITE  AT  THE  HAYES  (eGYPT)  MINE. 

Massive  white  feldspar  rock  appears  along  the  borders  of  some  of  the 
corundum  workings  at  this  locality.  Disseminated  throughout  the  rock, 
and  giving  it  a  peculiar  speckeled  appearance,  are  small  rounded  clusters 
of  brownish  minerals,  one-eighth  to  one-fourth  inch  (3  mm.  to  6  mm.) 
in  diameter  and  one-fourth  to  one-half  inch  (6  mm.  to  12  mm.)  apart. 
Immediately  around  each  cluster  the  feldspar  is  stained  a  bright  emer- 
ald-green. 
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Microscopic  characters. — The  thin  sections  are  occupied  chiefly  with 
broad  areas  of  plagioclase  feldspars,  which  show  abundant  multiple 
twinning.  Occasional  flakes  of  brown  biotite  are  uniformly  distributed 
through  the  rock.  The  feldspars  are  plentifully  sprinkled  with  small 
crystals  and  irregular  grains  of  zoisite  and  epidote  (PL  XLIV,  fig.  5), 
varying  in  size  up  to  0.5  mm.  by  2  mm.  in  rare  cases.  The  clusters  of 
brown  minerals  that  are  so  prominent  in  the  hand  specimen  are  found 
to  be  groups  of  zoisite,  epidote,  and  biotite. 

The  epidote  is  usually  somewhat  larger  than  the  accompanying  zoisite, 
and  is  almost  invariably  associated  with  biotite,  even  when  scattered 
through  the  feldspar.  The  crystals  are  generally  distinctly  elongated 
parallel  to  the  axis  of  symmetry,  cross-sections  showing  the  following 
forms:  base,  (001);  orthopinacoid,  (100);  and  positive  hemi-ortho- 
dome,  (101).  Sections  parallel  to  the  6-axis  are  without  terminations. 
Basal  cleavage  is  well  developed,  and  cleavage  almost  equally  good  par- 
allel to  the  orthopinacoid.  Twinning  parallel  to  the  orthopinacoid  is 
also  common  (PI.  XLIV,  fig.  6).  The  crystals  exhibit  the  characteristic 
optical  properties  of  the  species :  the  plane  of  the  optic  axes  is  the  plane 
of  symmetry,  with  the  negative  bisectrix  almost  coincident  with  the  axis 
c;  the  sections  exhibit  strong  relief  and  high  interference  colors;  crystals 
that  are  distinctly  colored  are  pleochroic,  vibrations  parallel  to  b  and  c 
being  light  yellow,  and  those  parallel  to  a  colorless;  others  arc  so  nearly 
colorless  in  all  positions  that  no  pleochroism  is  discernible. 

The  zoisite  occurs  in  irregular  grains  and  elongated  prismatic  individ- 
uals without  terminal  planes  and  without  recognizable  boundaries  on  any 
of  the  sections.  It  is  plentifully  disseminated  through  the  feldspars, 
along  with  the  epidote,  which  it  closely  resembles  in  natural  light.  The 
double  refraction  of  the  zoisite  is  so  low,  however,  as  to  produce  only  a 
feeble  "  ultra  blue "  between  cross  nicols.  It  also  differs  from  the 
epidote  in  its  parallel  extinction,  and  in  the  invariable  absence  of  color 
and  pleochroisui.  Twinning  is  discernible  between  crossed  nicols  in  sev- 
eral instances. 

Biotite  occurs  sparingly,  but  uniformly,  distributed  throughout  the 
rock  in  small  irregular  flakes.  Its  color  is  yellowish  brown  for  rays 
vibrating  parallel  to  the  cleavage,  and  pale  yellow  for  vibrations  at  right 
angles  to  it.  The  almost  constant  association  of  this  mineral  with  the 
epidote  suggests  that  it  was  probably  the  source  of  iron  for  the  latter; 
and  the  bright  green  halos  surrounding  the  clusters  of  these  minerals 
in  the  hand  specimen  are  probably  to  be  attributed  to  chromium  from 
the  biotite. 


CHAPTER  IV. 

MODES   OF   ALTERATION   AND   DECOMPOSITION   OP   THE 

PERIDOTITES. 

Olivine  (chrysolite)  is  the  chief  constituent  of  the  peridotites,  and 
therefore  an  understanding  of  the  alteration  of  these  rocks  must  be  based 
primarily  on  a  comprehension  of  the  properties  of  this  mineral.  It  is 
an  orthosilicate  of  magnesia  represented  by  the  formula  (Mg,  Fe)2Si04, 
containing  about  40  per  cent  of  silica,  the  rest  consisting  of  magnesia 
and  ferrous  oxide  in  widely  varying  ratios.  A  more  complete  mineralog- 
ical  description  is  given  in  Chapter  IX. 

Few  minerals  are  so  susceptible  to  alteration,  imder  present  condi- 
tions at  the  earth's  surface  and  at  shallow  depths,  as  olivine,  and  few 
give  rise  to  such  a  great  variety  of  secondary  minerals.  Five  distinct 
procesfies  of  alteration  and  their  resulting  products  are  clearly  discern- 
ible in  the  North  Carolina  peridotites,  namely: 

1.  Weathering. 

2.  Serpentinization. 

3.  Steatitization. 

4.  Chloritization. 

5.  Amphibolization. 

While  all  of  these  processes  occur  more  or  less  together  over  wide  areas, 
one  or  another  usually  predominates,  and  thus  various  parts  of  the 
peridotite  belt  are  characterized  by  the  abundance  of  certain  alteration 
products — as  serpentine,  talc,  chlorite,  etc. — with  smaller  proportions  of 
others.  The  processes  of  weathering  and  serpentinization,  especially,  are 
well-nigh  universal,  though  developed  to  only  a  slight  extent,  relatively, 
except  in  a  few  localities.  In  fact  the  peridotites  as  a  whole  are  remark- 
ably fresh  on  the  outcrops,  and  generally  but  little  serpen tini zed.  Alter- 
ation to  talc,  chlorite  and  amphibole  are  much  more  local  in  their  mani- 
festations, but  have  given  rise  to  many  important  rock  masses. 

Most  of  these  niodos  of  alteration  of  the  peridotites  have  been  fre- 
quently well  described  by  petrographers  in  this  country  and  Europe 
during  the  past  two  or  three  decades.  Hence  little  more  than  an  out- 
line of  them  is  required  here,  with  a  designation  of  the  chief  localities 
where  each  is  developed. 
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Since  olivine  (chrvsolite)  is  the  principal  constituent  of  all  perido- 
tites,  the  manifold  alterations  of  this  mineral  will  necessarily  constitute 
the  first  and  most  imi^rtant  consideration  in  the  study  of  the  altera- 
tions of  the  rocks  that  it  composes.  This  is  particularly  true  of  dunite, 
the  most  abundant  peridotite  in  North  Carolina,  which  is  essentially  an 
olivine  rock,  with  onlv  small  amount^  of  accessory  minerals.  In  the  de- 
scriptions  that  follow,  therefore,  the  alterations  of  dunite  are  first  con- 
sidered and  any  modifications  that  occur  in  other  peridotites  are  noted 
afterward. 

WEATHERING. 

The  ferromagnesian  orthosilicate,  olivine,  (Mg,  Fe)2Si04,  yields  read- 
ily to  complete  decomposition  under  the  influences  of  the  oy^'gen,  mois- 
ture, and  carbon  dioxide  of  the  air,  and  other  weathering  agencies,  form- 
ing chiefly  magnesium  carbonate,  hydrous  iron  oxides,  and  silica.  Doubt- 
less small  quantities  of  iron  carbonate  are  usually  formed  also,  besides 
traces  of  chlorides,  nitrates,  and  salts  of  the  bases  with  organic  acids 
formed  by  the  decomposition  of  vegetable  matter. 

The  carbonates  are  sometimes  deposited  in  veins  and  irregular  masses 
or  scattered  grains:  but  they  are  usually  removed  almost  completely 
through  the  leaching  effects  of  infiltrating  waters,  leaving  limonite  (or 
goethite)  and  chalcedony  (or  quartz). 

The  first  traces  of  weathering  are  observed  in  the  outcrop  by  the  yel- 
lowish to  brownish  yellow  color  assumed  and  the  accompanying  fria- 
bility of  the  rock.  Under  the  microscope  the  color  is  seen  to  be  produced 
by  the  separation  of  a  portion  of  the  iron  in  the  form  of  a  hydrous  oxide, 
which  is  segregated  along  the  cracks  and  borders  of  the  olivine  grains,  the 
latter  still  remaining  transparent  and,  to  all  appearances,  perfectly  fresh. 
If  the  olivine  has  been  previously  more  or  less  serpentinized,  the  process 
of  weathering  is  essentially  the  same,  the  separated  iron  oxide  being 
mingled  with  the  serpentine:  but,  so  far  as  observed,  there  is  no  evidence 
in  these  rocks  to  indicate  that  alteration  to  serpentine  is  a  necessary 
antecedent  or  accompaniment  of  weathering. 

In  the  more  advanced  stages  of  weathering,  the  rock  crumbles  too 
easily  to  admit  of  the  pre])aration  of  thin  sections,  the  proportion  of 
limonite  powder  gradually  increases,  and  silica  accumulates  in  reticulat- 
ing veins  or  irregular  nodules  throughout  the  mass. 

The  hydrous  iron  oxide  is  doubtless  usually  limonite,  though  the 
analyses  given  below  seem  to  indicate  that,  in  the  earlier  stages  of  altera- 
tion at  least,  some  of  it  may  be  goethite,  which  is  a  very  similar  mineral, 
though  containing  less  water.  In  either  case,  the  final  result  would  be 
an  ocherous  pulverulent  mass,  with  nodules  and  reticulating  veins  of 
chalcedony. 
8 


114      CORUNDUM  AND  PERIDOTITES  OF  WESTERN  NORTH  CAROLINA. 

This  residual  limonite  has  been  mined  to  a  limited  extent  as  an  iron 
ore  in  certain  portions  of  the  Appalachian  belt,  but,  so  far  as  known,  it 
has  not  been  worked  in  Xorth  Carolina  (see  p.  399).  Mr.  Joseph  Will- 
cox*  states  that  it  was  mined  at  several  localities  in  Middletown 
Township,  Delaware  County,  Pennsylvania,  "but  not  wuth  profitable 
results.^' 

Dr.  T.  S.  Hunt*  gives  the  following  description  of  the  limonite  ores 
that  were  formerly  mined  on  Staten  Island,  New  York : 

An  instructive  example  of  an  analogous  process  is  seen  in  the  limonite 
which  on  Staten  Island,  New  York,  is  found  imbedded  in  a  layer  of  brownish 
earthy  material,  sometimes  attaining  a  thickness  of  12  feet.  This  rests  imme- 
diately upon  the  serpentine  rock  of  the  region,  into  which  it  graduates,  and 
from  the  subaerial  decay  of  which  it  has  evidently  been  derived;  the  lower 
portion  of  the  earthy  matrix  still  preserving  the  peculiar  jointed  structure  of 
the  underlying  serpentine.  This  decomposed  material,  though  including 
botryoidal  crystals,  geodes,  and  concretionary  grains  of  limonite,  with  occa- 
sional druses  of  chalcedony  and  of  quartz  crystals,  retains  considerable 
coherence. 

....  This  limonite,  which  is  now  mined  to  a  considerable  extent,  contains, 
as  several  analyses  have  shown,  from  one  to  two  hundredths  of  chromic  oxyd, 
which  is  also  known  to  be  present  in  small  amount  in  the  serpentine.  An 
impure  argillaceous  specimen,  containing  only  59.63  of  ferric  oxyd,  yielded  the 
writer  2.81  of  chromic  oxyd  in  a  condition  readily  soluble  in  chlorhydric  acid. 

....  It  is,  I  think,  evident  that  the  decay  of  the  serpentine,  and  the  con- 
centration in  the  residuum,  of  its  iron  in  the  form  of  limonite,  was  a  process 
anterior  to  the  glacial  erosion,  and  that  the  ore  banks  are  areas  of  the  decayed 
material  which  escaped  this  action. 

Where  more  resistant  minerals  have  been  developed  along  the  joints 
and  cracks  of  the  rock,  as  tlie  sheathing  of  radial  enstatite  found  at 
many  peridotite  localities  in  Xorth  Carolina  (PI.  XIV,  A),  large  blocks 
of  the  rock,  apparently  tirin  and  solid,  are  found,  on  being  broken,  to 
have  been  completely  altered  into  an  ocherous  mass  that  readily  crumbles 
on  exposure  to  the  air.  That  tliis  process  proceeds  from  the  joints  into 
the  adjacent  rock  is  shown  by  the  unaltered  remnants  of  peridotite  still 
found  in  the  center  of  many  such  decomposed  blocks. 

In  one  locality,  three-fourths  mile  southwest  of  Elf,  Clav  Countv,  this 
process  of  decomposition  lias  given  rise  to  a  number  of  limonite  con- 
cretions in  tlie  form  of  hollow  shells,  or  geodes,  consisting  of  fibers  of 
the  mineral  arranged  at  right  angles  to  the  surface.  Tliese  shells  are 
one-half  inch  to  1  inch  in  thickness  and  range  in  size  to  more  than  a  foot 
in  diameter.     They  are  empty  except  for  small  amounts  of  fine,  scaly 

»  Second  Geol.  Siirv.  Pennsylvania,  C4,  1S83.  p.  347. 

» Mineral  Physiology  and  Physiography,  188(>.  pp.  268,  209. 
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venniculites  and  talc  lying  loose  in  the  hollow  space.  Adhering  to  the 
interior  walls  are  also  usually  a  few  small,  clear,  drop-like  masses  of 
hyalite,  a  hydrous  form  of  silica. 

The  silica  resulting  from  the  decomposition  of  the  olivine  rocks  and 
serpentine  usually  assumes  the  compact,  line-grained  form  of  quartz 
known  as  chalcedony.  Its  granular  structure  is  generally  invisible  to 
the  unaided  eye  (cryptocrvstallinc),  but  may  be  seen  distinctly  under 
the  microscope.  In  the  thicker  nodules  and  irregular  masses  it  is  fre- 
quently more  or  less  translucent,  and  t^ometimes  encloses  black,  ft?rn-like 
aggregates,  probably  an  oxide  of  manganese,  forming  a  variety  similar 
in  appearance  to  moss  agate. 

This  residual  silica  is  also  often  in  the  form  of  cellular  or  honevcomb- 
like  rusty  masses  of  (piartz,  which  remain  scattered  over  the  surface, 
along  with  the  denser,  compact  nodules,  after  the  softer  limonite  has 
crumbled  awav.  In  this  manner  it  accumulates  in  some  localities  in 
great  abundance,  sometimes  bearing  a  close  resemblance  to  the  gossan 
of  a  ferruginous  ore  vein.  This  feature  has  been  pointed  out  by  Mr. 
Joseph  Willcox'  in  his  descriptions  of  the  serpentines  of  Chester  and 
Delaware  counties.  Pa.,  as  follows: 

The  cellular  quartz,  locally  called  honeycomb  rock,  is  nearly  always  ferru- 
ginous; and  it  is  a  common,  if  not  a  constant  associate  of  the  serpentine.  It 
often  occurs  in  inconvenient  profusion;  and  in  many  cases  it  is  the  only 
surface  indication  of  the  proximity  of  the  serpentine  rocks,  the  latter,  near  the 
surface,  having  been  decomposed  into  soil. 

Ferruginous  cellular  quartz,  similar  in  appearance  to  the  Delaware  county 
rocks,  accompanies  the  chrysolite  beds  among  the  mountains  in  western 
North  Carolina.  It  so  forcibly  resembles  in  appearance  the  superficial  gossan 
at  the  Ducktown  copper  mines  in  Polk  County,  Tennessee,  that  many  pros- 
pecting pits  and  trenches  have  been  dug  in  North  Carolina  for  copper  ore 
where  the  ferruginous  quartz  occurs,  the  latter  having  been  mistaken  for 
gossan. 

More  recently  similar  decomposition  products  occurring  over  large 
areas  in  Maryland  liavr  1km  u  mistaken  for  gold  ores,  as  described  by  Dr. 
F.  Bascom : ' 

....  There  are  pits  in  the  serpentine  made  in  search  of  gold  ore,  at  the 
Instigation  of  a  syndicate  known  as  **  The  Klondyke  Company."  This 
company  purchased  the  option  on  considerable  property  to  the  north  of 
Conowingo  with  the  expectation  of  finding  the  rocks  richly  auriferous.  The 
results  did  not  meet  their  expectations,  and  the  company  has  been  inactive 
for  more  than  a  year. 

»  Second   (ieol.   Survey   rennsylvnnla.   C4,   18s:{,  p.  ;147. 

*  Maryland  (Jeol.   Survey,  Cecil   County   report,   1902,  p.  97. 
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The  alumina  which  is  always  present  in  the  j>eri(lotites  in  small 
amounts,  during  the  process  of  decomiKysition  takes  the  fonn  of  the 
hvdrous  silicate  kaolin,  and  becomes  relatively  more  abundant  with  the 
continued  removal  of  magnesia  by  infiltrating  waters. 

The  following  analyses  of  dunite  from  Corundum  Hill  show  the 
chemical  changes  occurring  in  the  first  stages  of  decomposition  by 
weathering. 

Analyses  of  Corundum  Hill  dunite. 
[By  T.  M.  Chatard.  Bull.  V.  H.  (leol.  Survey  No.  42,   1887,  pp.  55.  56. J 

I.  II.  III.  IV. 

SiO,     40.11  40.25  40.18  40.04 

AlA    88  .96  1.35  3.17 

V^rgVjj .lO  ....  1.41  .... 

FeA     1.20  2.71  10.97  12.15 

FeO     6.09  5.97              

MgO    48.58  47.76  43.84  42.97 

H,0   (Ign.)    2.74  1.54  2.01  2.14 

Chromite    56              .17 

100.34  99.19  99.76  100.64 

I.  Dunite,  crystalline  granular,  apparently  least  altered;  subvitreous,  gray- 
ish to  oil-green  in  color. 

II.  Altered  dunite,  granular,  dull;  color,  pale  yellowish  brown;  from  inter- 
ior of  altered  nodule. 

III.  Altered  dunite,  granular,  pulverulent,  brownish  yellow  color;  from 
outside  portions  of  altered  nodule,  harder  part. 

IV.  Altered  dunite,  softer  and  more  easily  pulverized  part  separated  from 
III  by  crushing  without  grinding,  and  sifting  through  a  fine  sieve. 

The  gradual  deerease  in  magnesia,  with  a  corresponding  increase  in 
iron  and  alumina,  is  clearly  seem.  rnfortunatelv  tiie  ferrous  and 
ferric  iron  were  not  separately  determined  in  analyses  111  and  IV,  and 
hence  their  relations  are  not  shown.  An  increase  in  ferric  and  a  decrease 
in  ferrous  iron  arc  shown,  however,  bv  analyses  1  and  Tl,  and  similar 
changes  doubtless  continue  through  the  scries.  The  water  varies  some- 
what in  the  materials  used,  but  is  practically  the  same  in  the  last  as  in 
the  first  analysis.  It  doubtless  belongs  almost  wholly  to  serpentine, 
however,  in  the  first,  and  to  limonite  (or  goethite)  and  kaolin  in  the  last. 

Analysis  IV  corresponds  approximately  to  a  rcK-k  of  the  following  com- 
position:  Olivine  8.")  per  cent,  goethite  7  per  cent,  and  kaolinite  8  per- 
cent, as  exhibited  in  the  following  table  of  analyses. 
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Mineral  composition  of  dunite  of  analyses  IV. 

Olivine;  Goethite ;  Kaolin:  Tnt^.!  nnnitfliv 

86  per  cent.  7  per  cent.  8  per  cent.  ^""*'-  I'uniieiv. 

SiOs    35.18              3.71  38.89             40.04 

AlA    3.18  3.18               3.17 

Fe^Oa    6.29  6.29             12.15 

FeO    6.55              ....  ....  6.55              .... 

MgO     43.27               ....  43.27             42.97 

H,0     .71  1.11  1.82               2.14 


85.00%  7.00%  8.0070       100.00  

Plate  XIV,  B,  shows  a  typical  wc^atliered  surface  of  dunite  exposed 
near  Webster,  Jackson  County,  X.  C.  Small  veins  of  talc  developed 
through  the  rock,  on  account  of  their  greater  resistance  to  weathering, 
stand  out  on  the  surface  in  little  projecting  ridges. 

The  presence  of  enstatite  in  addition  to  the  olivine  as  a  constituent 
of  the  rock  forms  harzburgite  (or  saxonite).  The  weathering  of  this  does 
not  differ  essentially  from  that  of  dunite,  except  that  the  enstatite 
frequently  alters  into  talc,  which  is  a  more  resistant  mineral  than  olivine; 
and  hence  it  usuallv  stands  out  in  little  knots  on  the  surface  of  the 
exposed  rock  (PI.  XV,  A).  Scales  of  talc  an*  also  often  al)undant  in 
the  ocherous  mass  resulting  from  the  decay  of  the  rock  in  j)lace. 

In  extremely  pyroxenic  facies  of  harzbiirgite,  bordering  on  the  pyroxe- 
nites,  the  previous  hydration  of  the  enstatite.  producing  talc,  gives  rise 
to  a  rock  (periodosteatite)  that  is  quite  stable  under  exposure.  Only 
the  olivine  yields  readily  to  decom}X)sition,  and  the  ferruginous  products 
stain  the  rest  of  the  rock,  making  a  rusty  soapstone.  Where  the  original 
olivine  grains  were  large,  their  decay  has  left  the  mass  of  the  talc  full 
of  holes  containing  the  powdered  ocher.  Such  rocks  have  been  observed 
at  Sapphire,  and  near  Balsam  Gap,  Jackson  County;  near  the  county 
home,  Madison  County ;  in  many  localities  in  Ashe  and  Alleghany  coun- 
ties; and  extending  across  the  State  line  into  the  southwestern  border  of 
Virginia. 

In  the  amphibole-peridotites,  the  green  amphibole  has  been  frequently 
altered,  in  the  exjK)sed  portions  of  the  rock,  to  chlorite.  On  bare  ex- 
posures this  mineral  is  also  more  resistant  than  the  olivine,  and  forms 
little  knotty  projections  on  the  surface  of  the  rock.  Where  residual 
products  of  weathering  accumulate,  however,  and  the  decomposing  mass 
is  continually  permeated  by  moisture,  chlorite  readily  alters  to  venni- 
culites,  and  ultimately  decomposes  into  an  ocherous  clay,  the  magnesia 
being  removed  by  percolating  waters,  as  in  the  case  of  olivine.  The 
proportion  of  clay  in  the  final  product  manifestly  depends  on  the  extent 
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to  which  the  original  amphibole  was  aluminous  and  the  proportion  of 
this  mineral  in  the  rock. 

In  the  troctolites,  which  consist  of  olivine  and  anorthite,  the  latter 
mineral  loses  its  lime  by  decomposition  and  changes  to  kaolin.  The  oli- 
vine alters  as  in  the  other  peridotites.  Hence  the  final  result  is  very 
similar  to  that  reached  in  other  cases,  except  that  the  clayey  constituent  is 
considerably  increased.  The  amount  of  clay  in  the  residuum,  however, 
depends,  not  upon  variation  in  the  constitution  of  the  mineral  producing 
it,  but  upon  the  varying  proportions  of  anorthite  present.  The  slightly 
feldspathic  peridotites  give  rise,  therefore,  to  little  clay,  while  those 
facies  in  which  anorthite  predominates,  the  olivine-anorthosites,  produce 
chiefly  clay,  with  a  ferruginous  or  rusty  discoloration. 

The  more  or  less  complete  alteration  of  the  peridotites  into  serpentine 
does  not  affect  the  nature  of  the  final  products  of  weathering,  and 
apparently  causes  little,  if  any,  difference  in  rate  of  decomposition.  Both 
are  readily  decomposed;  but,  when  occurring  in  massive  bodies,  they  are 
also  frequently  more  resistant  to  weathering  than  the  thinly  laminated 
gneisses  and  schists  surrounding  them. 

Thus  it  is  seen  that  the  ultimate  products  of  complete  decomposition 
by  weathering  are  practically  the  same  for  all  the  perdiotites  of  the  region, 
and  for  the  serpentine  into  which  they  may  have  been  altered.  They 
differ  chiefly  in  the  proportion  of  kaolin,  or  clay,  in  the  mass,  this  being 
smallest  in  the  residua  of  dunite  and  harzburgite  and  increasing  in 
amphibole-peridotite  and  troctolite. 

The  chromite,  which  is  imiversally  present  in  greater  or  less  amount 
in  the  peridotites  and  in  serpentines  derived  from  them,  is  a  very  stable 
mineral,  and  does  not  yield  to  tlie  forces  of  weathering  that  decompose 
the  other  constituents  of  the  rock.  Hence  grains  and  nodules  of  this 
mineral,  sometimes  of  considerable  size,  accumulate  on  the  surface  and 
throughout  the  ociierous  soil,  and  are  sometimes  concentrated  in  the 
near-bv  streams.  In  Pennsylvania  and  ]Marv'land  considerable  quanti- 
ties  of  chromite  have  been  mined  from  these  resulting  placer  deposits, 
but  no  workable  deposits  of  this  character  have  been  found  in  Xorth 
Carolina. 

SERPENTINIZATION. 

The  alteration  of  the  peridotites  to  serpentine  is  chiefly  due  to  the 
hydration  of  the  olivine;  that  is,  to  its  combination  with  a  definite 
amount  of  water.  The  composition  of  olivine  is  represented  by  the 
formula,  (Mg,  Fe)oSi04,  or  2(Mg,  Fe)0.Si02,  and  that  of  serpentine 
by   H^CMg,   Fe)3SioOy,   or   3(Mg,   Fe)0.2SiOo.2HoO.     The  serpentine 
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molecule  expressed  by  the  latter  formula  is  equivalent  to  twice  the  olivine 
molecule  after  the  removal  of  one- fourth  of  the  basic  oxides,  including 
most  of  the  iron,  and  the  addition  of  two  molecules  of  water.  This 
relation  is  expressed  by  tlie  following  equation : 

2 (Mg.  Fe)2SiO,  — (Fe,  Mg) O  +  2H,0  =  H,Mg,SlA 
(Olivine)         (Iron and      (Water)    (Serpentine). 

Magnesia) 

Dr.  H.  Rosenbusch  ^  suggests  that  probably  serpentinization  is  the 
first  step  in  the  decomposition  of  olivine  into  carbonates,  silica,  and 
limonite  by  the  process  of  weathering.  There  seems  to  be  no  evidence, 
however,  that  such  is  ever  the  case  in  the  peridot ites  of  North  Carolina 
The  universal  presence  of  oxygen  and  carbonic  acid  in  weathering,  two 
agents  that  are  very  active  at  the  earth's  surface  and  have  strong  affinity 
for  the  basic  elements  of  olivine,  tends  to  promote  complete  decomposi- 
tion with  the  formation  of  simpler  compounds,  as  described  above,  and 
thus  to  prevent  the  formation  of  the  complex  hydrous  silicate,  serpentine. 
This  is  true  in  the  great  majority  of  cases  at  least,  and  probably  in  all 
cases. 

Serpentinization,  therefore,  is  believed  to  be  a  process  that  can  take 
place  only  below  tlie  depth  of  active  weathering.  The  active  circulation 
of  water  from  the  surface  practically  extends  surface  conditions,  more  or 
less  subdued,  down  through  the  rocks  to  some  depth.  On  this  hypothesis, 
serpentine  could  exist  at  the  surface  only  where  a  certain  amount  of 
overlying  rock  has  been  decomposed  and  removed  after  the  alteration 
of  the  peridotite  into  serpentine. 

The  process  always  begins  on  the  surfaces  and  in  the  cracks  of 
the  olivine  grains.  The  first  serpentine  formed  is  often  fibrous  and  is 
arranged  directly  across  the  cracks  in  which  it  is  produced.  If  the  olivine 
contains  much  iron,  some  of  it  is  usually  separated  from  the  mineral 
in  the  form  of  small  grains  and  dust-like  particles,  which  accumulate 
around  the  outside  of  the  olivine  grains,  thus  forming  an  irregular  dotted 
line,  as  seen  in  cross-section,  through  the  midst  of  the  first  formed  serpen- 
tine (PI.  XXXV,  figs.  4,  5,  6).  The  bulk  of  the  serpentine  is  slightly 
greater  than  that  of  the  olivine  from  which  it  is  derived,  and  hence  con- 
siderable strain  is  produced  by  swelling  as  the  hydration  proceeds.  This 
often  cracks  the  olivine,  especially  if  it  is  coarse  grained,  and  thus  pro- 
duces new  channels  for  the  admission  of  water  to  augment  the  rate 
of  alteration.  The  process  may  be  found  in  all  stagas  of  advancement, 
from  the  thinnest  sheaths  of  ser])entine  that  first  enclose  the  olivine 

6  MIkroskopIsche  Phyalographle.   Vol.  I,  3d  edition,  1892,  p.  471. 
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graiiiH  to  their  complete  alteration  into  massive  serpentine-rock.  Several 
of  thene  stages  are  shown  in  tlie  photomicrographs  of  plates  XXXV  and 
XLl. 

In  the  more  ferriferous  olivines  magnetite  granules  and  aggregates 
are  not  only  formed  about  the  boundaries  of  the  grains  in  the  first  stages 
of  alteration,  but  are  also  often  massed  about  tbe  last  surviving  remnants 
or  cores  of  unaltered  olivine.  (PL  XliT,  fig.  4.)  When  the  proportion 
of  iron  is  not  excessive,  it  is  also  frequently  concentrated  into  the  central 
parts  of  the  olivine  grains,  as  alteration  proceeds,  without  separation  into 
oxides.  Thus  the  last  formed  s(»rpentine  in  the  center  often  has  a  dark 
yellowisli  brown  color,  as  seen  in  Plate  XLTII,  fig.  3. 

The  occluded  iron  sometimes  takes  the  form  of  the  higher  oxide, 
hematite,  but  such  cases  are  very  rare.  This  fact  points  to  the  scarcity 
or  almost  total  absence  of  atmospheric  oxygen  during  the  formation  of  the 
serpentine,  otherwise  the  iron  would  undoubtedly  assume  the  form  of 
the  higher  oxide  in  most  cases. 

Small  amounts  of  serpentine  are  dissolved  by  the  water  that  penetrates 
the  rock  during  the  process  of  alteration,  and  the  reprecipitation  of  this 
gives  rise  to  thin  veins  and  seams  of  the  massive  translucent  variety  called 
precious  ser}Kmtine,  in  the  joints  and  other  cracks  of  the  rock.  Some- 
times veins  are  also  formed  of  the  fibrous  silky  variety,  chrysotile, 
fre<]U(»ntly  called  "  asbestos."  Although  not  the  true  mineralogical 
asbestos,  which  is  a  fibrous  amphibole,  this  mineral  is  marketed  under 
the  same  name  and  has  considerable  value  (see  p.  390). 

Sepiolite,  or  meerschaum,  a  hydrous  magnesium  silicate  of  nearly  the 
same  com|X)sition  as  serpentine,  is  sometimes  formed  in  small  amounts 
during  the  process  of  serpentinization  of  the  peridotites.  Some  of  the 
nickel-bearing  silicates  at  Webster  are  sepiolite  in  which  part  of  the 
magnesia  is  rephuxnl  by  nickel  (set*  p.  329). 

Nickel  also  often  forms  with  magnesia  other  hydrous  silicates,  such  as 
genthite,  garnierite,  etc.,  which  are  very  similar  chemically  to  serpentine 
and  se}>iolite.  These  sometimes  segregate  into  veins  and  irregular  masses 
of  suflicient  extent  to  form  an  on*  of  nickel  (see  p.  398).  Dr.  F.  W. 
Clarke*  has  shown  that  thest*  and  similar  nickel  ores  in  Douglas  county, 
(>n*gon,  and  the  island  of  New  CaUnlonia  have  probably  originated  from 
the  alteration  of  niekeliferous  olivine  in  }K»ridotites. 

When  enstatite  is  a  cimstituent  of  the  rock,  as  in  harzburgite,  it  is 
sometimes  found  to  l>e  altered  into  serjvntine,  though  usually  its 
liydration    gives    rise    to    talc.     Under    similar    conditions,    amphibole 

•  Ain.  Jour.  Soi..  :M  Series.  Vol.  XXXV.  ISSS.  pp.  4Sa-ISS. 
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usually  alters  to  chlorite;  lience  chloritic  serpentines  are  produced  from 
amphibole-peridotites,  as  at  Buck  Creek. 

Chromite  and  related  minerals  that  may  be  present  in  the  original 
peridotites  remain  unaltered  in  the  serpentine,  withstanding  both  the 
alteration  processes  of  the  zone  of  hydration  and  the  decomposing  forces 
of  the  zone  of  weathering.  What  is  apparently  an  exception  to  the  abso- 
lute stability  of  chromite  is  the  occurrence  in  it  of  minute  scales  and 
incrustation  of  kammererite,  a  reddish  chromiferous  chlorite.  This  min- 
eral has  been  observed  in  the  chromite  masses  associated  with  peri- 
dotites that  are  more  or  less  aluminous  in  several  localities  (see  p.  319). 

STEATITIZATION. 

The  alteration  of  olivine  into  talc  has  been  frequently  observed  in  the 
peridotites,  and  in  some  cases  this  process  has  given  rise  to  seconcjary 
compact  or  schistose  rocks  that  may  be  called  steatite  or  soapstone.  Hence 
it  is  proposed  that  the  process  be  called  steatitization,  in  conformity  with 
the  well  recognized  term,  serpentinization. 

This  mode  of  alteration  is  not  described  bv  either  Kosenbusch  or 
Zirkel,  although  the  latter^  remarks  that  alteration  into  talc  not  infre- 
quently occurs.  Evidently  these  eminent  authorities  regard  it  as  of 
minor  importance.  From  the  study  of  the  peridotites  of  North  Carolina 
and  of  several  other  portions  of  the  Appalachian  crystalline  belt,  however, 
this  process  is  found  to  be  of  sufficient  magnitude  to  warrant  its  being 
recognized  as  a  distinctive  mode  of  alteration,  comparable  in  importance 
with  serpentinization.  It  was  clearly  distinguished  and  described  by  Dr. 
A.  A.  Julien '  in  the  North  Carolina  rocks,  in  1882,  as  follows: 

The  development  of  the  talc  scales  throughout  a  dunite  is  brought  about  In 
two  ways:  By  the  conversion  of  the  olivine  grains,  partially  or  completely, 
into  talc,  which  either  envelopes  them  as  a  microscopic  crust,  with  an  ocherous 
core  (i.  e.,  the  separated  iron  oxide),  or  has  crystallized  out  in  scales  among 
the  interstices  of  the  olivine  granules;  or  again,  by  the  alteration  of  the  actin- 
olite  libers  and  grains  into  talc,  which  is  then  seen  as  fibrous  pseudomor- 
phous  films  or  scales  within  the  cleavage  planes  of  the  actinolite,  or  entirely 
replacing  it.  The  process  has  often  attacked  the  rock  in  both  ways  in  the 
same  mass,  and  has  resulted  in  the  production  of  talcose  dunite.  talcose  acti- 
nolitic  dunite,  talcose  amphibolites,  and  actinolitic  steatite  and  talc  schists. 

The  actinolite  referred  to  by  Dr.  Julien  is  here  regarded  as  a  primary 
mineral,  and  lience  the  rock  to  which  it  belongs  is  to  be  classed  as  an 
amphibole-peridotite  and  not  a  dunite. 

'  Lehrbuch  der  PetroRraphle,  2d  edition,  1803,  Vol.  I,  p.  357. 
•Proc.  Boston  Soc.  Nat.  Hist,   Vol.  XXIJ,  1882,  p.  141. 
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Dr.  F.  A.  Genth  *  has  also  ascribed  the  talc  associated  with  the  North 
Carolina  peridotites  to  the  alterations  of  these  rocks.     He  says : 

Resulting  from  the  alteration  of  chrysolite,  foliated  talc  of  a  white  or  green- 
ish white  color  is  found  in  many  of  the  chrysolite  beds  west  of  the  Blue  Ridge; 
Shooting  Creek,  Clay  County;  Cullasagee,  Macon  County;  Webster,  Jackson 
County;  Hampton's  Mining  Creek,  and  Young's  on  South  Toe  River,  Tancey 
County;  near  Bakersville,  Mitchell  County,  and  other  localities. 

Chemically  the  process  of  steatitization  of  olivine,  the  chief  constitu- 
ent of  the  peridotites,  consists  in  the  loss  of  practically  all  of  the  iron 
and  a  large  part  of  the  magnesia  of  the  original  mineral,  and  the  addition 
of  a  small  quantity'  of  water.  The  transformation  may  be  represented 
theoretically  by  the  following  equation : 

4(Mg,  Fe),Si04  — 5(Fe,  Mg)0  +  H,0  =  H^g,(SiO,)4 
(Olivine)  (Iron  and     (Water)         (Talc). 

Magnesia) 

The  excess  of  magnesia  chiefly  fonns  the  carbonate,  and  is  either  de- 
posited, or,  as  is  usually  the  case,  entirely  removed  from  the  rock  in  solu- 
tion. In  some  cases,  appreciable  amounts  of  it  are  scattered  through  the 
talc,  or  accumulated  into  veins  and  irregular  nodules.  The  iron  separates 
out  in  the  form  of  minute,  dust-like  particles  of  magnetite,  which  often 
accumulate  in  thin  films  and  irregular  nodules  and  patches  through  the 
secondary  talc.  In  some  cases,  however,  perfect  octahedral  crystals  of 
magnetite  have  been  observed  in  a  very  foliated  variety  of  talc,  such  as 
occurs  at  the  Woody  farm,  in  Mitchell  County.  This  is  probably  to  be 
regarded  as  a  recrystallization  of  the  iron  oxide,  which  is  separated  from 
the  altering  silicate  in  the  form  of  amorphous  films  and  granules,  as 
described  above. 

The  beginning  of  this  process  of  alteration  can  be  found  in  all  kinds 
of  peridotites  that  occur  in  western  North  Carolina,  and  is  usually  recog- 
nized by  the  small,  glistening  flecks  of  talc  visible  in  the  hand  specimen. 
Under  the  microscope  minute  scales  of  this  mineral  are  found  to  have 
developed,  in  such  cases,  about  the  borders  and  along  the  cracks  of  the 
oliviuo  grains,  and  are  arranged  more  or  less  nearly  parallel  to  these 
surfaces  or  in  confused  felty  aggregates.  In  pyroxene  and  amphibole 
tlie  scales  usually  develop  along  cleavage  cracks  and  gradually  replace 
the  original  mineral,  forming  a  pseudomorph. 

As  pointed  out  in  the  description  of  sorpentinization  (p.  118).  the 
pyroxene  of  harzburgite,  the  olivino-enstatite  rock,  is  often  altered  to 

•  Rull.  I'.  S.  Geol.  Survey  No.  74.  ISOl,  p.  61.  See  also  Am.  Jour.  Scl.,  2d  series. 
Vol.  XXXIII.  1862,  p.  200. 
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talc.  This  has  froquoiitly  pven  riso  to  olivino-bearing  steatite,  or 
peridosteatite,  and,  by  tlie  subsequent  weatliering  out  of  the  olivine,  to 
ferruginous  steatite,  or  rusty  soapstone.  'i'he  alteration  of  the  olivine 
as  well  as  the  enstatitc?  of  these  rocks  into  tale  has  undoubtedly  produced 
the  numerous  gray  and  white  soapstone  masses  associated  with  them,  as 
well  as  the  similar  rocks  occurring  in  many  localities  as  continuations 
of  the  dunites,  or  as  the  disconnected  rej)res(.Mitatives  of  them.  In  the 
case  of  the  amphiboUsperidotites,  both  the  olivine  and  the  amphibole 
have  been  found  altering  into  talc,  though  usually  more  or  less  chlorite 
is  also  formed;  and  frequently  the  latter  mineral  predominates  in  the 
secondarv  rock. 

CHLORITIZATION. 

The  alteration  of  olivine  to  minerals  of  the  chlorite  group  (prochlorite, 
elinochlore,  etc.)  involves  the  loss  of  magnesia  and  the  accession  of 
alumina  and  water.  Analvscs  of  dunite  usuallv  show  a  small  amount  of 
alumina,  but  not  enough  to  permit  the  alteration  of  more  than  an  insig- 
nificant part  of  the  rock  to  chlorite.  Hence,  it  must  be  assumed  that  the 
rock  has  been  penetrated  by  infiltrating  solutions,  which  liave  supplied 
the  requisite  water  an<l  alumina  and  have  removed  or  deposited  the  excess 
of  magnesia  in  form  of  the  carbonate.  I  sing  the  formula  of  elinochlore 
as  a  representative  of  the  chlorite  group,  the  reactions  may  be  theoreti- 
callv  stateil  as  follows : 

■ 

3(Mg,  Fe).SiO.  +  AlA  +  4H,0— (Mg.  F^e)0  =  H.(Mg,  Fe)5Al,SiA. 
(Olivine)    (Alumina)  (Water)  (Iron  and  (Clinochlore). 

Magnesia) 

Slight  alterations  in  the  alh)ve  e(pi.ition  would  sutlice  for  the  jiroduction 
of  all  other  species  of  the  chlorite  grouj).  The  j)rocess  of  alteration  to 
chlorite  throughout  the*  mass  is  regarded  as  closely  allied  to  that  which 
has  produced  the  chlorite  "  veins  ''  that  almost  universally  border  the 
peridotite  masses  in  this  region.  In  tlie  latter  case,  the  evidence  of  dyna- 
mic action,  causing  rnovem«*nl  l)etwcen  the  peridotites  and  th(»  adjacent 
gneisses,  is  abundant,  and  tlie  transfer  of  alumina  by  solutions  circulating 
along  these  ])lanes  can  he  well  understood.  Li't  these  dynamic  agencies 
affect  the  structure  of  the  jM'ri(l(»lite,  however,  and  the  same  supplies  of 
alumina  have  access  to  all  jjarts  of  the  rock:  the  ])rocess  of  chloritization 
may  then  j)roceed  in  greater  or  less  degrei'  throughout  tiie  mass.  That 
such  dvnamic  action  lias  occurnMl  in  dunites  altering  in  this  way,  is 
usually  attested  by  the  highly  (leveloj)ed  pinacoidal  cleavage  of  the  olivine, 
and  the  more  or  less  distinctly  schistose  arrangement  of  the  resulting 
chlorite.     The  tinal  product  is  in  most  cases  a  chlorite-schist. 
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Examples  of  this  mode  of  alteration  are  found  in  the  vicinity  of 
Shooting  Creek,  in  Clay  County  (see  p.  71),  and  in  portions  of  the 
\Vel)ster  area,  tlireo fourths  mile  south  of  Addie  (p.  !)3). 

In  peridotites  carrying  a  high  percentage  of  alumina,  as  in  the  Buck 
Creek  ampliibole-peridotites  (p.  75),  chloritization  is  frequently  the 
normal  process  of  alteration,  and  this  has  prwlueed  extensive  masses  of 
chlorite  rock  on  Little  Buck  CVeek  and  elsewhere. 

Doubtless  many  of  the  chloriie-schists  throughout  the  southern  Appa- 
lachians are  the  results  of  similar  alterations  of  peridotites,  although  many 
others  have  been  produced  also  by  the  chloritization  of  amphibolites  (see 
p.  160). 

AMPHIBOLIZATION. 

So  far  as  observed  the  method  of  altt^ration  dei§cril)cd  from  some  locali- 
ties, whereby  needles  of  amphibole  are  developed  around  the  olivine 
grains  at  right  angles  to  the  surfaces  and  penetrating  inward,  does  not 
occur  in  the  peridotites  of  North  Carolina.  Alteration  into  amphibole 
is,  however,  very  widespread  in  these  rocks,  particularly  in  the  dunites, 
but  it  has  not  heretofore  been  clearly  recognized.  Dr.  Julien '"  described 
a  horneblendic  mode  of  alteration,  but  faile<l  to  distinguish  the  original 
amphibole-peridotites  from  those  containing  secondary  amphibole. 

In  the  beginning  of  this  alteration,  as  se(?n  in  much  of  the  dunite  at 
Corundum  Hill,  minute  spicules,  or  fine  needle-like  prisms  of  colorless 
amphibole  are  found  here  and  there  throughout  the  mass.  These  are 
generally  visible  to  the  unaided  eye,  even  w^hen  excedingly  minute,  on 
account  of  their  great  elongation  and  the  glistening  reflections  they  show 
on  a  fresh  fracture  of  the  rock.  Unlike  the  alteration  to  serpentine  and 
talc,  which  is  usually  confined  to  the  surfaces  and  cracks  of  the  olivine 
grains,  this  process  seems  to  be  entirely  independent  of  pre-existing  struc- 
tures of  the  rock.  The  straight,  slender  needles  of  amphibole  almost 
invariably  penetrate  certain  grains  of  olivine  as  a  sheer  mechanical  neces- 
sity. With  the  proportions  attained  even  by  the  smallest  they  could  sel- 
dom b(»  confined  to  the  irregular  interstices  and  cracks  of  the  olivine 
without  considerable  bending;  and  they  are  entirely  too  long  in  most 
cases  to  be  accommodated  in  the  cleavage  cracks  of  a  single  individual. 
Consequently  they  are  found  penetrating  the  grains  of  olivine  in  every 
direction,  entirely  without  regard  to  cracks  or  cleavage.  This  character- 
istic is  shown  in  the  photomicrographs  (PI.  XL,  fig.  2,  and  PI.  XLII, 

fig.  G). 

As  already  described  (p.  SH)  this  secondary  amphil)ole  is  colorless,  and 

"Troc.  Boston  Soc.  Nat.  Hist,  Vol.  XXll,  1882,  p.  141. 
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either  orthorhomhio  (c  =  r)  or  monoclinio  (c  A  r  =  K)""  to  18°).  Si»v- 
eral  specimens  eoiitainiii<^  considorablo  amounts  of  this  seeon(hiry  amphi- 
bole  failed  to  show  anv  trace  of  calcium  with  the  ammonium  oxahitc  test. 
These  properties,  together  with  their  optical  character,  determine  these 
two  as  anthophvllite  and  cummingtonite  (am])hibolc-anthophylIite),  re- 
spectively. Anthophyllite  and  cunimin^tonite  are  ch(*mically  similar 
minerals,  both  beinfr  metasilicates  of  ma<rnesium  and  iron,  as  expressed  by 
the  formula,  (Mg,  Fe)Si03.  The  transfonnation  of  the  orthosilicate, 
olivine,  into  this  metasilicate  involves  the  removal  of  magnesia  and  iron, 
and  may  be  represented  by  the  following  ecpiation : 

(Mg,  Fe),SlO,— (Mg,  Fe)0=(Mg.  Fe)Si03 

(Olivine)  (Iron  and       (Cummingtoniteor 

Magnesia)         Anthophyllite). 

Where  enstatite  is  present  in  the  rock,  as  in  harzburgite,  the  needles  of 
secondary  amphibolc  penetrate  this  mineral,  as  well  as  the  olivine,  in  all 
directions.  Since  tbe  amphibolc  has  the  same  chemical  comj)osition  as 
the  enstatite,  the  alteration  in  such  cases  is  purely  physical,  and  is  known 
as  paramorphism.  Amphibolization  has  not  been  observed  in  the  amphi- 
bole-j)eridotites,  nor  in  the  presence  of  original  hornbh^ndic  minerals  in 
any  of  the  peridotites. 

All  stages  of  the  j)rocess  are  found,  from  the  slightest  beginnings  to 
those  in  which  the  am|)hil)ole  entirely  replaces  the  original  olivine,  form- 
ing a  light-colored  am])hibolite  in  which  the  slender  individuals  are 
crossed  and  interlocked  in  the  greatest  confusion.  Portions  of  such 
masses  have  been  loeally  shean^l,  producing  an  amphibole-schist.  In  ad- 
dition to  the  Corundum  Hill  Iwality,  already  referred  to,  where  this  pro- 
cess does  not  attain  an  advanct»d  stage  of  development,  it  is  found  highly 
develoj)ed  in  some  of  the  Sa])phire  localities,  and  more  or  less  extensively 
in  great  numbers  of  places  throughout  the  region. 

Alteration  to  amphibolc  has  been  observed  in  peridotites  in  many  cases 
where  secondary  hydrous  minerals,  such  as  talc,  serpentine,  and  chlorite. 
have  not  i)een  developed,  or  have*  betm  formed  to  only  a  slight  extent. 
This  is  particularly  noticeable  in  some  of  the  Sapphire  rocks,  which,  in 
every  other  resjurt,  are  perfectly  fresh.  Although  in  no  way  connected 
with  hydration,  tbe  ])resence  of  a  solvent  would  seem  to  be  n(»cessary,  since 
the  transformation  involves  loss  of  magnesia  or  gain  of  silica.  A  further 
alteration  of  small  portions  of  the  secondary  amphibolc  to  talc  is  fre- 
quently noticeable  in  thin  sections  under  the  microscope. 


CHAPTER  V. 

ORIGIN  AND  RELATIONS  OF  THE  PERIDOTITES  AND 

ASSOCIATED  ROCKS. 

HISTORICAL  SKETCH. 

Prior  to  1875  but  little  was  known  of  the  unaltered  peridotites  of  east- 
ern North  America,  although  mining  operations  for  corundum  had  been 
begun  at  Corundum  Hill,  North  Carolina,  and  a  little  desultory  prospect- 
ing had  been  carried  on  over  parts  of  the  adjoining  country.  Hence  there 
was  but  little  knowledge  upon  which  to  base  speculations  as  to  the  origin 
of  the  rocks.  In  the  writings  of  Shepard,  Genth,  Tx)gan,  and  others,  how- 
ever, the  opinion  is  occasionally  expressed  or  implied  that  the  rocks  are 
of  sedimentary  origin,  the  terms  "  strata  '^  and  "  beds  "  being  commonly 
used  in  reference  to  them.  Such  statements  are  to  be  regarded,  of  course, 
as  simply  expressions  of  opinion — mere  impressions  from  very  limited 
observation. 

Since  the  date  mentioned,  theories  of  origin  have  been  proposed  from 
every  conceivable  point  of  view.  Different  portions  of  the  altered  and 
unaltered  peridotite  series  have  been  studied  from  time  to  time,  and  have 
been  variously  pronounced  unaltered  sediments,  metamorphic  sediments, 
chemical  deposits,  metasomatic  alteration  products  of  limestones  and 
schists,  and  igneous  intrusions.  Those  who  have  engaged  in  the  discus- 
sions liave  been  divided,  however,  chiefly  into  two  camps,  corresponding 
ver}'  accurately  to  the  old  Neptunian  and  Plutonic  schools  of  geolog>'.  The 
persistence  of  these  opposing  views  througliout  the  closing  quarter  of  the 
nineteenth  century  bears  witness  to  the  inherent  difficulties  of  the  problem, 
neither  contention,  apparently,  being  susceptil)le  of  positive  proof. 

Tlie  following  extracts,  arranged  clironologically,  from  a  number  of 
writers  who  have  discussed  the  origin  of  these  rocks  in  eastern  North 
America  since  1875,  serve  to  emphasize  this  remarkable  variation  and 
alternation  of  hyj)otheses. 

In  1875,  Mr.  AV.  C.  Kerr,'  State  Geologist  of  North  Carolina,  made  the 
following  reference  to  these  rocks,  in  outlining  the  geology  of  the  belt  of 
gneisses  and  schists  between  the  Blue  Kidge  and  the  Great  Smoky  moun- 
tains: 

»  Kept.  Geol.  Survey  North  Carolina,  Vol.  I,  187r»,  p.  129. 
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One  of  the  most  remarkable  and  interesting  features  of  the  geology  of  this 
belt  is  the  line  of  chrysolyte  ledges  (dunyte),  which  occur  along  the  median 
zone  of  it,  outcropping  in  massive  dikes,  which  form  rough,  jagged  hills  at 
intervals  of  half  a  score  of  miles,  more  or  less,  from  the  Rich  Mountains  of 
Watauga  through  Mitchell,  and  the  intervening  counties  to  Clay.  Some  of 
these  ledges  are  nearly  a  mile  long  and  several  hundred  yards  wide.  They 
are  not  in  line  with  one  another,  but  are  scattered  over  a  zone  10  to  20  miles 
in  breadth.  It  is  worthy  to  be  noted  that  they  occur  in  the  middle  zone,  where 
the  rocks  are  most  disturbed  and  irregular  in  position:  that  they  are  asso- 
ciated with  the  most  massive  outcrops  of  hornblendic  rocks, — syenites,  schists 
and  actinolyte  rocks,  and  with  heavy  veins  of  coarse  porphyroidal  granite, 
and  that  they  thus  claim  a  very  low  horizon. 

The  masses  of  chrysolyte  are  more  or  less  distinctly  granular,  and  are  in 
fact,  a  chrysolytic  sandstone,  of  a  yellowish  to  dull,  or  dark  olive-green  color. 

In  an  appendix  to  the  same  report,  Dr.  C.  D.  Smith  ^  took  the  ground 
that  these  rocks  are  of  undoubted  intrusive  origin,  and  even  went  so  far 
as  to  attribute  the  metamorphism  of  the  gneisses,  in  part  at  least,  to  tlie 
influence  of  the  peridotites.     He  said : 

The  rocks  of  which  the  main  mass  of  this  part  of  the  Blue  Ridge  is  com- 
posed, bear  very  little  evidence  of  being  disturbed  since  the  upheaval. 

There  is,  however,  a  zone  of  gneissic  rocks  on  the  northwest  side  of  the 
ridge,  which  has  been  much  disturbed  since  the  main  mass  was  folded  up.  .  .  . 
Along  the  entire  length  of  this  zone  from  Cane  creek,  in  Mitchell  County, 
to  Choeestoee,  in  Union  County,  Georgia,  and  perhaps  still  further  south, 
there  is  a  system  of  dike  fissures  through  which,  at  Intervals,  chrysolite  and 
serpentine  have  been  protruded.  The  gneiss,  which  encloses  these  chrysolite 
and  serpentine  beds,  is  somewhat  peculiar  and  deserves  a  more  special  de- 
scription. It  bears  evidence  of  having  been  much  affected  by  heat  from  the 
dike  fissures  which  traverse  it.  It  is  consequently  hard  and  crystalline  in  a 
high  degree.  .  .  . 

The  chrysolite  bears  decided  marks  of  its  igneous  origin.  Its  general 
crystalline  texture,  together  with  disseminated  octahedral  crystals  of  mag- 
netite and  chrome  iron,  speak  of  its  igneous  origin.  It  is  a  laminated  rock, 
but  the  strike  of  its  laminae  seldom  conforms  to  the  strike  of  the  enclosing 
rocks.  It  appears  to  have  been  protruded  or  lifted  through  the  fissures  and 
laid  at  varying  angles  across  the  enclosing  gneiss.  It  cannot,  therefore,  be 
regarded  as  a  regular  interfoliation,  nor  as  an  intercalation  with  the  enclosing 
beds.  It  differs  from  them,  as  already  stated,  in  its  strike,  and  generally  in 
its  inclination.     These  facts  all  point  to  it  as  an  igneous  rock. 

In  l.STT)  also,  Dr.  F.  A.  Genth,'  in  a  rej)ort  on  the  mineralogy  of  Penn- 
sylvania, expressed  the  belief  that  the  "'  whole  chromiferous  serpentine 
range  results  from  the  alteration  of  chrysolite/'  a  view  that  had  received 
abundant  corrol)oration  in  otlier  parts  of  the  world.     He  also  noted  the 

'  Loc.  cit.,  Appendix,  pp.  01-i>3. 

•Second  Geol.  Survey  Pennsylvania,  B.   1875.  pp.  113-118. 
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frequent  occurrence  of  serpentine  in  association  with  pyroxenites,  the 
latter  sometimes  bearing  olivine. 

In  1878  Dr.  R.  W.  Raymond  *  called  in  question  the  correctness  of  this 
view  of  the  nature  of  the  peridotites,  as  follows : 

These  are  caHed  in  the  state  geological  report  dikes  of  chrysolite  or  dunite. 
....  I  should  not  be  surprised  if  future  careful  study  of  all  the  localities 
should  show  these  chrysolite  beds  to  be  intercalated  members  of  the  formation 
in  which  they  occur. 

In  the  same  year  Dr.  Clarence  King,"  in  a  discussion  of  the  "  Genesis 
of  granite  and  crystalline  schists,"  took  up  tlie  question  of  the  origin  of 
serpentine  and  the  chrysolitic  rocks.     He  said  : 

The  discovery  in  Appalachian  schists  of  great  bodies  of  chrysolitic  forma- 
tion, making  an  integral  part  of  the  crystalline  schists,  is  sufficient  answer  to 
the  question.  Whence  came  the  anhydrous  magnesian  silicate  out  of  which 
to  make  the  pseudomorphous  serpentine? 

Without  attempting  to  examine  the  validity  of  Hunt's  claim  that  the  early 
magnesian  silicates  are  chemical  precipitates  from  the  acid  ocean  of  their 
period.  I  see  no  reason  to  seek  for  a  different  origin  for  the  magnesian  sili- 
cates from  that  of  the  comoner  aluminous  minerals.  Olivine-bearing  rocks 
are  among  the  oldest  irruptive  bodies;  why  may  not  olivine  sands,  like  those 
now  seen  on  the  shores  of  the  Hawaiian  Islands,  have  been  then  as  now 
accumulated  by  the  mechanical  separation  of  sea  currents  and  subsequently 
buried  by  rushes  of  feldspathic  and  quartz  sands?  Be  that  as  it  may,  the 
whole  tendency  of  microscopic  research  is  to  prove  that  the  hydrous  mag- 
nesian silicates  are  plainly  pseudomorphic  after  anhydrous  forms,  and  the 
problem  of  genesis,  as  Hunt  very  justly  remarks  in  this  connection,  is. 
Whence  the  anhydrous  ones?  There  is  little  present  necessity,  it  seems  to  me. 
for  the  invocation  of  aqueous  precipitates,  when  the  sea  bottom  and  shores 
of  to-day  offer  such  varied  chemical  materials  which  are  so  obviously  detrital. 

From  these  considerations,  so  far  as  the  gneisses  and  crystalline  schists  are 
concerned,  I  am  led  to  give  in  a  complete  adhesion  to  the  hypothesis  of  dia- 
genesis  for  the  anhydrous  silicates  and  of  subsequent  pseudomorphism  for 
the  hydrous  magnesian  rocks.  My  views  approximate  closely  to  those  of 
Dana,  and,  if  I  rightly  comprehend  him.  of  Giimbel,  rejecting  on  the  one  hand 
the  Plutonic  hypothesis  of  Naumann  and  his  followers,  and  on  the  other  the 
all  but  forgotten  theory  of  direct  crystallization  from  solution,  as  advanced 
by  Delabeche  fp.  117]. 

In  1870  Dr.  T.  Sterry  Hunt'  made  tlie  following  specific  reference  to 
the  peridotites  of  Xorth  Carolina,  in  describing  the  Montalban  series  of 
the  Primary  or  Crvstalline  rocks: 

*  Trans.  Am.   Inst.  Mln.  EnRlneers.  Vol.   VII.   1878,  p.  8.3. 
"Geol.  Exploration  40th  Parallel.  Pt.  I,  1878.  pp.   112-121. 

•  Macfarlane's  GtK>l.  Hallway  Guide,  1870,  p.  13. 
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Noticeable  among  the  basic  members  of  the  terrane,  is  the  granular  olivine 
or  chrysolite  rock,  which,  often  accompanied  by  enstatite,  and  by  serpentine. 
appears  to  be  interstratified  in  the  micaceous  and  hornblendic  schists  of  the 
Montalban,  in  North  Carolina  and  in  Georgia. 

In  the  same  year  Dr.  Hunt's  well-known  views  were  more  fully  set 
forth  in  a  paper  read  before  the  American  Association  for  the  Advance- 
ment of  Science,  on  "  The  history  of  some  pre-Cambrian  rocks  in  America 
and  Europe/'  ^     His  summary  is  quoted  here : 

In  opposition  to  both  of  these  (neptunean  and  plutonist  schools)  are  the 
views  taught  for  the  last  twenty  years  by  the  writer,  and  now  accepted  by 
many  geologists,  which  may  be  thus  defined: 

1st.  All  gneisses,  petrosilexes,  hornblendic  and  micaceous  schists,  olivines, 
serpentines,  and  in  short,  all  silicated  crystalline  stratified  rocks  are  of  nep- 
tunean origin,  and  are  not  primarily  due  to  metamorphosis  or  metasomatosis 
either  of  ordinary  aqueous  sediments  or  of  volcanic  materials. 

2d.  The  chemical  and  mechanical  conditions  under  which  these  rocks  were 
deposited  and  crystallized,  whether  in  shallow  waters,  or  in  abysmal  depths 
(where  pressure  greatly  influences  chemical  affinities),  have  not  been  repro- 
duced to  any  great  extent  since  the  begining  of  Paleozoic  times. 

3d.  The  eruptive  rocks,  or  at  least  a  large  part  of  them,  are  softened  and 
displaced  portions  of  these  ancient  neptunean  rocks,  of  which  they  retain 
many  of  the  mineralogical  and  lithological  characters. 

In  1880  Prof.  W.  0.  Crosby'  described  the  serpentine  of  Lynnfield, 
Massachusetts,  as  an  altered  limestone.  As  this  rock  occurs  in  relations 
very  similar  to  many  of  the  unaltered  peridotites  of  eastern  North  Amer- 
ica, this  view  is  given  as  bearing  upon  the  general  question  of  origin  of 
the  whole  series.     He  said: 

The  limestone  in  Lynnfield  is  far  more  serpentinic  than  that  in  Newbury. 
The  serpentine  appears  to  be  everywhere  present  and  abundant;  in  fact, 
Prof.  Hitchcock  did  not  seem  to  regard  this  rock  as  limestone  at  all,  but 
described  it  under  the  head  of  serpentine;  and  a  specimen  analyzed  by  Dr. 
C.  T.  Jackson  contained  no  calcic  carbonate.  There  is  no  doubt,  however, 
that  the  rock  as  a  whole  is  a  very  serpentinic  limestone,  for  it  is  distinctly 
stratified;  and  a  glance  at  the  map  will  show  its  intimate  relations  with  the 
regular  stratified  group  on  the  west. 

In  the  year  1882  Dr.  A.  A.  Julien,  in  a  paper  on  "  The  Dunyte-beds  of 
North  Carolina/'*  presents  the  conclusion  that  these  rocks  are  of  sedi- 
mentar}'  origin,  the  accumulations  of  olivine  sands,  "  doubtless  from  some 
ancient  terrano,  perhaps  of  lower  Laurentian  age,  of  clirvsolitic  lavas  or 

T  Am.  Jour.  Sci.,  3d  ser..  Vol.  XIX.  1880,  pp.  268-283.  Road  before  A.  A.  A.  S. 
Sept.  1,  1879. 

•  Contributions  to  the  geology  of  eastern  Massachusetts ;  Boston  Society  of  Nat. 
Hist..  Occasional  Papers,  III,  1880,  p.  lir>. 

•Proc.  Boston  Soc.  Nat.  Hist,  Vol.  XXII,  1882,  pp.  141-149. 
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gabbros,  now  worn  down  and  buried  beneath  the  later  sediments,  beyond 
our  view/^  After  explaining  the  usual  elliptical  and  lenticular  forms  of 
outcrop  as  due  to  the  fact  that  the  beds  are  always  highly  tilted  and  hence 
always  seen  in  cross-section,  he  presents  the  following  evidence  as  showing 
their  sedimentary  origin : 

The  rock  always  possesses  a  marked  slaty  lamination,  exactly  like  that  of 
the  slaty  hornblende-gneisses  surrounding  it,  the  distinct  laminae  usually 
varying  from  one-half  to  1  cm.  That  these  laminae  really  indicate  the  bedding 
planes  of  a  mechanical  sediment,  and  not  the  characteristics  of  a  chemical 
deposit,  is  shown  by  three  facts: 

1st.  On  microscopic  examination  of  thin  sections,  transverse  to  the  lamina- 
tion, there  Is  always  shown  an  alternation  of  coarser  and  finer  irregular 
veins,  the  certain  mark  of  a  sorting  out  of  sediments  deposited  in  water. 

2d.  The  chromite  grains  are  not  only  dispersed  through  the  dunyte,  in 
exactly  the  same  way  as  those, of  iron  ore  through  the  siliceous  sands  on  a 
sea-coast;  but  are  often  concentrated  in  laminae  about  a  centimeter  in  thick- 
ness, alternating  with  those  of  olivine,  or  even  in  coarser  layers  of  a  chromite 
breccia,  with  kammererite-scales  acting  as  a  cement  These  coarser  layers 
are  often  spoken  of  as  "  veins,"  but  always  lie  in  the  plane  of  stratification, 
and  often  show  the  sorting  process  among  their  own  grains. 

3d.  At  a  few  localities,  near  the  margin  of  a  huge  mass  of  dunyte,  this  rock 
is  found  to  be  interbedded  with  the  hornblende-gneiss,  in  layers  1  to  6  meters 
in  thickness.  This  was  shown  by  a  cross-section  of  the  beds  on  the  north  side 
of  the  dunyte  deposit  at  the  Jenks  mine,  near  Franklin,  in  Macon  County. 
Although  the  dunyte  is  thus  enclosed  In,  or  interbedded  with  the  hornblende- 
gneiss,  the  latter  was  never  observed  to  be  enveloped  by  the  dunyte. 

All  its  characteristics  .  .  .  are  simply  those  of  a  chr3rsolite-sandstone, 
which,  wherever  unaltered,  and  thus  without  accessory  fibrous  constituents 
as  a  cement  or  binding  material,  is  pulverulent  and  friable. 

A  sedimentary  theory  of  the  origin  of  the  serpentines  was  adopted  by 
the  Second  Geological  Survey  of  Pennsylvania,  the  theory  of  igneous 
origin  held  by  Kogers,  State  Geologist  of  the  First  Pennsylvania  Survey, 
being  rejected.     In  1883  Prof.  J.  P.  Lesley  "  wrote : 

Sterry  Hunt  ascribes  the  serpentine  beds  in  crystaline  schists  to  an  original 
deposit  in  sea  water.  In  fact  the  form  of  serpentine  strata  often  proves  this. 
In  Banffshire,  Scotland,  thick  lenticular  beds  of  serpentine  lie  among  the 
crystalline  schists  and  limestone,  and  are  crumpled  and  folded  with  them  as 
an  original  element  in  the  general  stratification.  The  same  thing  occurs  in 
Northampton  County,  Pennsylvania,  and  elsewhere. 

It  is  possible  that  none  of  the  serpentines  of  southern  Pennsylvania  are  in 
any  respect  eruptive  or  volcanic;  but  that  all  of  them  are  original  sedimentary 
magnesian  rocks  subsequently  changed  more  or  less  into  the  simple  silicate 
of  magnesia,  by  percolating  waters;  assisted  in  some  places,  it  may  be,  by  out- 
bursts of  volcanic  traps,  and  perhaps  eruptive  granitoid  rocks. 

"Second  Geol.  Survey  Pennsylvania,  C4,  1883.  pp.  353,  854. 
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In  1883,  in  a  paper  discussing  the  structural  and  chemical  relation  of 
the  northern  serpentine  belt  in  Cliester  County,  Pennsylvania,  Dr.  Per- 
sifor  Frazer  "  reached  the  following  conclusion : 

These  results  seem  to  lend  a  high  degree  of  probability  to  the  theory  that 
at  least  this  belt  of  serpentine  is  a  metasomatized  product  of  a  layer  or  layers 
of  the  hydro-mica  schists  In  contact  with  which  It  lies,  and  with  which  its 
relations  are  otherwise  abundantly  made  out  by  very  different  processes  of 
comparison,  viz.,  stratigraphically,  geographically,  and  chemically. 

In  1884  Dr.  M.  E.  Wadsworth"  took  issue  with  Dr.  Julian  as  to  the 
sedimentary  origin  of  the  North  Carolina  dunites.  After  giving  a  sum- 
mary of  the  evidence  presented  by  Dr.  Julien,  he  wrote: 

From  the  above  Dr.  Julien  draws  the  conclusion  that  this  dunite  is  neither 
of  chemical  nor  of  eruptive  origin;  that  is,  it  is  an  olivine  sandstone. 
The  chief  defect  in  Dr.  Julien's  reasoning  is,  that  all  the  evidence  which  he 
gives  In  support  of  this  view  could  exist  equally  well  if  the  rock  had  some 
entirely  different  origin.  .  .  . 

The  present  writer's  microscopic  study  of  the  North  Carolina  dunite  showed 
him  that  the  rock  he  was  studying,  even  when  destitute  of  some  cementing 
material,  was  not  friable  and  pulverulent,  while  the  sections  to  his  mind 
presented  characters  belonging  to  eruptive  rocks  only.  The  olivine  grains 
are  separated  by  fine  fissures,  but  every  irregularity  in  the  outline  of  one  is 
matched  by  a  corresponding  irregularity  in  the  adjacent  bounding  grains.  If 
these  grains  had  been  water-  or  wind-worn  olivine  sand,  no  such  matching  of 
the  parts  would  have  been  possible.  .  .  .  The  olivine  rock  now  under  con- 
sideration has  absolutely  no  interstitial  spaces  and  no  binding  material,  but 
the  grains  are  fissured  and  separated  the  same  as  the  adjacent  portions  are 
separated  in  cracked  and  fissured  glass.  From  this  the  conclusion  naturally 
follows  that  such  structure  indicates  that  these  olivine  grains  were  formed 
by  the  cracking  of  olivine  mass  during  the  process  of  solidification,  crystal- 
lization, and  cooling;  that  is,  from  an  eruptive  mass. 

Further,  individuals  of  olivine  are  seen  in  polarized  light  to  be  made  up  of 
a  number  of  distinct  grains,  as  much  separated  from  each  other  as  the  distinct 
individual  grains  are  elsewhere  in  the  section.  This  is  a  natural  and  common 
occurrence  in  an  eruptive  rock,  but  in  a  sedimentary  one  the  parts  ought  to  be 
scattered.  Many  of  these  individuals,  too,  are  long,  wedge-shaped  masses  with 
sharply  pointed  ends.  If  they  had  been  water-  or  wind-worn  grains  they 
ought  to  have  had  these  sharp  edges  worn,  rounded,  and  broken.  These  long, 
lenticular,  fissured  individuals  are  also  arranged  at  every  angle  to  one  another, 
when,  if  the  rock  were  sedimentary,  they  ought  to  lie  nearly  parallel  and  on 
their  sides. 

Also  in  1884  Dr.  A.  E.  C.  Selwyn,"  Director  of  the  Geological  and 

"Trans.  Am.  Inst.  MIn.  Engineers,  Vol.  XII,  1883,  p.  355. 
""Olivine  rocks  of  North  Carolina,"  Science,  Vol.  Ill,  1884,  pp.  486,  487. 
"  Descriptive    Sketch   of    the   Physical    Geography   and    Geology   of   the   Dominion   of 
Canada,  Montreal,  1884,  p.  13. 
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Natural  History  Survey  of  Canada,  described  the  "  pre-Cambrian  sub- 
crystalline  rocks  ^'  of  Quebec  as  consisting  of  "  hydromica  slates,  quartz- 
ites,  crystalline  dolomites,  diabase,  gabbro,  olivinite,  serpentine,  and 
volcanic  agglomerates,  the  lowest  beds  of  the  axis  being  micaceous  and 
granitoid  gneisses.  Many  of  these  volcanic  agglomerates  and  diabases  are 
now  serpentines  .  .  .  .  " 

In  a  "  Report  on  Explorations  and  Surveys  in  the  interior  of  the  Ga8p6 
Peninsula,  1883,'*  published  in  1885,  Mr.  A.  P.  Low"  described  the 
peridotites  and  serpentines  and  associated  schistose  rocks,  regarding  the 
former  as  igneous  intrusives.     He  says : 

Along  the  South  Branch  of  the  Ste.  Anne  River,  on  the  south  side  of  the 
great  mass  of  serpentine  and  olivine  which  crosses  the  river,  dark  hornblende- 
schists  and  green  chloritic  slates  were  seen,  corresponding  to  those  on  the  north 
side,  and  probably  identical  with  them,  thus  showing  that  the  great  mass  of 
serpentine  which  composes  Mount  Albert  has  thrust  up  the  beds  of  this 
system,  forming  a  great  anticlinal  with  reversed  dip.  The  top  of  this  anti- 
clinal having  been  denuded  off,  leaves  beds  of  the  same  rocks  on  either  side 
of  the  serpentine;  those  on  the  north  side  apparently  dipping  under  the  mass, 
while  those  on  the  south  appear  to  lie  upon  it  [pp.  18,  19F]. 

Banded  structure  is  distinctly  seen  among  the  serpentines  on  the  mountain, 
but  the  direction  of  the  strike  of  the  beds  is  not  continuous,  nor  parallel  to 
that  of  the  surrounding  stratified  schists,  and  is  supposed  to  be  due  to  flow 
structure,  as  the  olivine  is  undoubtedly  of  igneous  origin  [p.  20F]. 

In  another  portion  of  the  same  report,  Mr.  E.  W.  Ells"  describes 
another  serpentine  area  in  the  Gasp^  and  takes  the  same  view  as  to  its 
probable  igneous  origin.     He  says : 

Although  the  serpentines  of  this  area  have  generally  been  regarded  as  an 
integral  portion  of  the  metamorphic  series  and  contemporaneous  in  age,  there 
are  indications  at  several  places  which  point  to  an  eruptive  origin.  The 
position  of  the  eastern  or  Mount  Albert  mass  in  particular,  breaking,  as  it 
does,  apparently  across  strata  of  pre-Cambrian  and  Silurian  age,  gives  it  the 
aspect  of  an  immense  dyke,  while  the  exposure  noted  as  crossing  the  Salmon 
Branch,  much  of  which  is  of  peculiar  character,  is  also  like  an  intrusive  rock. 

In  1886,  in  a  study  of  tlie  gabbros  and  associated  hornblende  rocks  in 
the  neighborhood  of  Baltimore,  Dr.  G.  H.  Williams**  also  described  the 
serpentines  and  peridotites  of  eastern  Maryland.  The  following  passage 
is  quoted  from  the  summary : 

Chapter  V  contains  descriptions  of  the  third  or  olivinitic  rock  type,  which  is 
abundantly  associated  with  the  gabbro  and  gabbro-diorite.     These  rocks  are 

"Geol.  Survey  Canada,  Kept,  of  Progress,  1882-83-84,  pp.   1-21 P,  1885. 
"Geol.  Survey  Canada,  Rep.  of  Progress,  1882-3-4,  p.  32E. 
"  Bull.  U.  S.  Geol.  Survey  No.  28,  1886,  p.  12. 
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younger  than  the  gabbro,  since  they  break  through  it  in  the  form  of  dikes. .  .  . 
As  far  as  could  be  observed  the  olivine  seems  always  to  form  serpentine,  and 
the  pyroxene  (no  matter  what  be  its  form),  hornblende.  This  latter  mineral 
often  suffers  a  further  alteration  to  talc,  its  lime  separating  out  in  the  form 
of  calcite.  In  this  manner  the  hornblende  serpentines,  like  those  of  the  Bare 
Hills,  have  been  derived  from  original  eruptive  aggregates  of  olivine  and 
bronzite,  similar  in  character  to  many  rocks  which  are  still  to  be  found  near 
them  in  a  quite  unaltered  condition. 

In  the  same  year,  Mr.  J.  S.  Diller  "  described  the  peridotite  dikes  which 
cut  the  Carboniferous  strata  of  Elliott  County,  Kentucky.  The  results 
of  the  investigation  of  this  rock  are  more  fully  set  forth  in  a  bulletin  ** 
issued  the  following  year.  The  following  extract  is  from  the  summary 
in  the  latter  publication : 

The  peridotite  is  associated  with  nearly  horizontal  Carboniferous  sandstones 
and  shales,  from  which  it  differs  widely  in  chemical  and  mineralogical  consti- 
tution. It  not  only  includes  numerous  fragments,  but  has  greatly  indurated 
the  shale  near  the  contact  and  has  itself  suffered  endomorphic  effects  in  the 
production  of  a  sphserolitic  structure  corresponding  to  that  of  variolites. 
These  facts  clearly  indicate  that  the  peridotite  is  eruptive  and  render  its 
occurrence  of  much  importance,  for  it  so  rarely  happens  that  peridotites  are 
found  under  such  circumstances  that  their  eruptive  character  can  be  fully 
established. 

In  1887  Dr.  G.  H.  Williams  "  also  described  an  occurrence  of  peridotite 
intersecting  Paleozoic  sediments  (Onondaga  salt-group)  at  Syracuse,  New 
York. 

In  the  same  year  Dr.  Frederic  D.  Chester  **  described  the  "  State  line 
serpentine  '*  along  the  boundary  of  Pennsylvania  and  Maryland,  which  he 
found  to  be  chiefly  an  altered  pyroxenite,  a  bronzite-diallage  rock,  some- 
times containing  olivine. 

In  1887  Mr.  T.  M.  Chatard,"  discussing  "  The  gneiss-dunyte  contacts 
of  Corundum  Hill,  North  Carolina,  in  relation  to  the  origin  of  corun- 
dum," makes  the  following  reference  to  the  origin  of  the  dunite  (p.  47)  : 

The  origin  of  the  dunyte,  whether  igneous  or  sedimentary,  and,  if  the  latter, 
whether  mechanical  or  chemical,  is  a  disputed  question  ....  and  upon  this 
point  I  am  not  able  to  give  any  further  information  of  value.  Leaving  out  the 
question  of  the  origin  of  the  dunyte,  it  appears  very  much  like  a  dike  or  dike 
series,  portions  of  which  have  been  forced  into  the  adjacent  country  rock 
without  completely  severing  the  connection  with  the  main  mass. 

"Am.  Jour.  Sci.,  3d  ser.,  Vol.  XXXII,  188C,  pp.  121-125. 
"Bull.  U.  S.  Geol.  Survey  No.  38,  1887,  p.  29. 
i»Am.  Jour.  Sci.,  3d  ser.,  Vol.  XXXIV.  1887,  pp.  137-145. 
»Ann.  Kept.  Second  Geol.  Surv.  Pennsylvania,  1887,  pp.  93-105. 
«  Bull.  U.  S.  Geol.  Survey  No.  42,  1887,  pp.  45-63. 
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In  1890  Mr.  Theodore  D.  Eand  "  described  many  of  the  serpentines  of 
eastern  Pennsylvania,  and  made  the  following  reference  to  their  origin : 

One  prominent  feature  of  most  of  the  Pennsylvania  outcrops  above  de- 
scribed is  the  abruptness  of  their  appearance  and  disappearance,  in  this 
respect  resembling  far  more  plutonic  masses  than  interstratifled  beds  or 
synclinal  basins.  .  .  .  Nevertheless,  the  position  of  the  serpentine  belts  close 
to  the  Laurentian  on  the  one  side,  and  with  mica  and  hornblende  schists  on 
the  other,  seems  to  forbid  our  regarding  them  as  intrusive  rocks.  .  .  .  The 
theory  of  interbedding  ....  seems  the  only  one  tenable. 

In  1894  Mr.  Francis  P.  King,"  in  his  report  on  the  corundum  deposits 
of  Georgia,  referred  to  the  nature  of  the  peridotites  as  follows : 

These  form  igneous  intrusions  along  the  stratification  lines  of  the  holo- 
crystalline  rocks,  the  gneiss  and  schist  showing  by  existing  characteristics 
that  they  were  distended  prior  to  the  final  folding  of  this  region. 

In  1895  Prof.  J.  Yolney  Lewis  "  discussed  at  some  length  the  origin  of 
the  peridotites  of  the  southern  Appalachians,  presenting  evidence  from 
both  field  investigations  and  microscopic  study,  indicating  that  they  are 
igneous  intrusions.     The  conclusion  is  stated  as  follows  (p.  35)  : 

Hence  I  am  led  to  the  conclusion  that  no  theory  of  sedimentary  origin  can 
adequately  account  for  existing  conditions,  and  that  these  olivine  rocks  are 
now  practically  in  the  state  in  which  they  originally  solidified  from  the 
molten  magma. 

In  1897  Dr.  Wm.  B.  Clark,"  State  Geologist  of  Maryland,  in  an  out- 
line of  the  geology  of  the  State,  made  the  following  reference  to  the 
character  of  the  peridotites  and  related  rocks: 

The  rocks  composing  the  holocrystalline  portion  of  the  Piedmont  Plateau 
in  Maryland,  are  petrographically  divisible  into  seven  distinct  types.  Four 
of  these  are  of  undoubtedly  eruptive  origin  and  may  be  designated  according  to 
their  chemical  and  mineralogical  composition  as  diorite,  gabbro,  peridotite 
or  pyroxenite,  and  granite.  The  remaining  types  through  which  the  eruptive 
rocks  have  broken — gneiss,  marble,  and  quartz-schist — are  completely  crystal- 
line, and  therefore  exhibit  no  certain  trace  of  clastic  structure,  although  it 
seems  highly  probable  that  they  were  of  sedimentary  origin.  .  .  . 

The  second  type  of  eruptive  rock  which  penetrates  the  gneiss  complex  near 
Baltimore  is  younger  than  the  gabbro,  but  it  is  genetically  closely  allied  to  it. 
These  two  types  are  connected  by  many  intermediate  varieties;  and  the  more 
basic  rocks,  which  break  through  the  gabbros  as  well  as  through  the  gneiss, 
may  be  regarded  as  having  resulted  from  a  gabbro-magma  which  had  become 
relatively  poor  in  alumina,  or  in  alumina  and  silica. 

«Proc.  Acad.  Nat.  Sci.  Phila.,  March,  1890,  pp.  76-123. 
"Bulletin  Geol.  Survey  Georgia.  No.  2,  1894. 

»«Jour.  Elisha  Mitchell  Scl.  Soc,  Vol.  XH,  pt.  2,  1895,  pp.  24-37. 
»  Maryland  Geological  Survey,  Vol.  I,  1897,  pp.  1G2,  165. 
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In  1898  Dr.  Joseph  Hyde  Pratt,**  discussing  the  origin  of  the  cor- 
undum associated  with  the  peridotites  in  North  Carolina,  referred  to 
the  conclusion  of  Prof.  Lewis,  quoted  above,  and  further  added: 

The  author  has  examined  nearly  all  the  known  outcrops  of  these  rocks  in 
this  State  during  the  past  two  years,  in  connection  with  his  work  on  the 
corundum  deposits.  The  result  of  these  examinations  has  led  to  the  same 
conclusion  regarding  the  origin  of  the  peridotites.  .  ,  . 

In  the  same  year  Prof.  B.  K.  Emerson"  published  an  exhaustive 
report  on  the  Chester  amphibolites  and  serpentines  of  Massacliusetts, 
in  which  their  nature  and  origin  are  discussed  at  length,  with  the  fol- 
lowing conclusion: 

I  conclude,  then,  that  the  Chester  series  represents  an  eastward  expansion 
of  the  limestones  of  the  Silurian  sea  which  deposited  the  Stockbridge  and 
Bellowspipe  limestone  in  Berkshire,  and  that  it  may  be  tentatively  paralleled 
with  the  later  bed.  Some  very  basic  igneous  rocks  may  have  been  associated 
with  this,  its  shoreward,  extension,  and  along  its  central  part  its  upper  sur- 
face was,  at  a  later  time,  replaced  locally  by  limonite  [p.  155]. 

Prof.  Emerson  also  considers  the  amphibolic  members  of  the  crystalline 
schists  east  of  the  Connecticut  valley  as  the  equivalents  of  the  Chester 
amphibolites. 

For  the  saxonite  and  serpentine  of  Pelham,  Shutesbury,  and  New 
Salem,  however.  Professor  Emerson  finds  quite  a  different  origin.  De- 
scribing the  typical  occurrence  at  the  Pelham  asbestos  quarry,  he  says: 

This  is  a  great  lens  or  short  dike — probably  an  old  volcanic  core— of  the 
highly  basic  igneous  rock  saxonite,  in  the  highly  acid  conglomerate-gneiss; 
and  during  the  strong  metamorphism  which  has  transformed  the  conglomer- 
ate into  a  gneiss,  the  saxonite  has  been  largely  changed  into  anthophyllite, 
and,  what  is  of  higher  interest,  a  broad  selvage — a  "  reaction  rim  "  on  a  grand 
scale — has  formed  by  the  mutual  influence  of  the  basic  core  and  the  acid 
surrounding.  This  selvage  consists  largely  of  minerals  containing  little  or 
no  silica — apatite,  corundum,  magnetite,  tourmaline,  anorthite,  and  biotite.  It 
wraps  around  the  saxonite  with  great  irregularity,  often  folding  deeply  into 
its  mass  [pp.  47,  48]. 

In  1900  Mr.  Theodore  D.  Rand"  again  discussed  the  geology  of 
southeastern  Pennsylvania,  and  revised  his  former  views  as  to  the  origin 
and  character  of  the  serpentines,  arriving  at  the  conclusion  that  "  there 
seems  to  be  no  doubt  that  all  the  serpentines  in  southeast  Pennsylvania 
are  altered  igneous  rocks,  either  pyroxenites  or  peridotites'^  (p.  305). 
This  conclusion  is  stated  in  a  somewhat  more  guarded  manner  in  the 
following  passage  (pp.  316-317)  : 

»«Am.  Jour.  Scl.,  4th  ser..  Vol.  VI,  1898,  pp.  49-65. 

»•  U.  S.  Geological  Survey  Monographs,  Vol.  XXIX,  1898.  pp.  78-155. 

"  Proc.  Acad.  Nat.  Scl.  Philadelphia,  Feb.  1900,  pp.  303-318. 
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Whatever  doubt  there  has  been  as  to  the  origin  of  the  serpentines,  petro- 
graphic  studies  seem  to  prove  that  almost,  if  not  quite,  all  are  derived  from 
the  alteration  of  a  basic  igneous  rock,  peridotite,  amphibolite,  or  pyroxenite, 
except  in  the  comparatively  few  occurrences  In  limestone.  In  several  of  the 
outcrops  in  this  region  the  unaltered  mother-rock  may  be  found  in  all  stages 
of  alteration,  and  this  macroscopically.  This  may  be  seen  at  Rose's  quarry, 
opposite  Lafayette  on  the  Schuylkill,  and  to  the  westward,  and  on  the  same 
belt  near  Darby  creek  and  in  Marple;  near  the  corundum  mines  in  Newlin, 
Chester  County,  and  at  Radnor.  At  most  localities  the  original  rock  seems  to 
have  been  an  orthorhombic  pyroxene,  enstatite  or  bronzitc.  In  the  neighbor- 
hood of  Glen  Riddle,  southwest  of  Media,  some  of  the  serpentine  is  after 
actinolite. 

In  1901  Mr.  D.  H.  Newlands  *»  published  a  description  of  "  The  Ser- 
pentine of  Manhattan  Island  and  Vicinity,  and  their  accompanying 
minerals.^'  He  arrived  at  the  following  conclusion  in  regard  to  the 
origin  of  these  rocks : 

A  number  of  considerations  ....  indicate  that  the  original  rocks  were  of 
igneous  character  and  allied  to  the  pyroxenites  and  peridotites,  rather  than 
that  they  were  impure  limestones,  as  has  been  believed  by  some  geologists. 

In  1901  Mr.  Arthur  Keith,"  of  the  U.  S.  Geological  Survey,  ascribed 
to  the  soapstone  and  related  rocks  of  the  Washington  quadrangle  (D.  C- 
Md.-Va.)  an  eruptive  origin,  as  follows: 

In  this  district  small  areas  of  highly  metamorphosed  rocks — soapstone  and 
talcose  schist — occur,  which  are  probably  derived  from  pyroxenite  and  peri- 
dotite.  Similar  rocks  of  like  origin  occur  in  other  areas  of  the  Piedmont 
Plateau.  None  of  them  form  large  bodies  and  their  outcrops  have  a  lenticu- 
lar shape.  Their  close  association  with  the  eruptive  rocks,  especially  the 
basic  ones,  suggests  a  like  nature  and  age  for  them  all. 

Soapstone  masses  are  common  around  the  gabbro  areas,  and  many  inter- 
mediate rocks  indicate  original  transitional  forms  between  the  two  t3ri;>e8. 

In  1902  Dr.  F.  J.  H.  Merrill,*  State  Geologist  of  New  York,  described 
the  igneous  rocks  intrusive  in  the  gneisses  and  schists  of  New  York  and 
vicinity.  These  include,  besides  granites  and  diorites,  "  basic  dikes, 
including  amphibolites  and  pyroxenites,  and  serpentine  derived  from 
basic  intrusives." 

At  New  Rochelle  the  serpentine  has  been  derived  from  the  alteration  of 
rocks  consisting  of  bronzlte,  hornblende,  and  actinolite,  remnants  of  which 
may  still  be  found.  The  area  on  Manhattan  Island  is  evidently  of  similar 
origin. 

On  Staten  Island  traces  of  olivine  and  actinolite  have  been  found  in  the 

»a  School  of  Mln.  Quart.,  Vol.  22.  1001.  pp.  307-317,  399-410. 
»U.  S.  Geol.  Survey  Folio  No.  70,  1901.  p.  3. 
"U.  S.  Geol.  Survey  Folio  No.  83,  1902,  p.  5. 
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serpentine,  which  suggests  its  derivation.  At  Hoboken  no  traces  of  the 
original  mineral  have  been  found,  but  its  origin  is  evidently  analogous  to 
that  of  the  other  masses. 

In  1902  Dr.  F.  Bascom"  described  the  amphibolite,  serpentine,  and 
soapstone  of  Cecil  County,  Maryland,  as  igneous  intrusions  (meta- 
pyroxenites  and  metaperidotites)  in  the  gneisses  and  gabbros.  Under 
the  head  of  "  Igneous  Intmsives  "  she  said  : 

The  mica-gneiss  constitutes  the  only  sedimentary  formation  among  the 
crystallines  of  Cecil  County.  That  the  other  members  of  the  crystalline  belt 
are  Igneous  material,  more  or  less  metamorphosed,  will  become  clear  as  the 
discussion  proceeds.  The  igneous  rocks  follow  closely  the  strike  of  the  sedi- 
mentary formation. 

In  1903  Mr.  Arthur  Keith  **  also  described  the  dunite,  serpentine, 
soapstone,  etc.,  of  the  Cranberry  quadrangle  (N.  C.-Tenn.)  as  igneous 
intrusives  that  "  break  through  and  across  the  beds  of  Roan  gneiss." 

Also  in  1903  Dr.  A.  A.  Julien"  discussed  at  length  the  "Genesis  of 
the  Amphibole-schists  and  Serpentines  of  Manhattan  Island,  New  York," 
and  arrived  at  the  conclusion  that  the  genesis  of  the  serpentine  "  is  inter- 
woven with  that  of  the  amphibole-schists,"  and  that  both  are  the  results 
of  alteration  of  basic  igneous  intrusions. 

In  1904  Dr.  E.  B.  Mathews,"*  in  discussing  "The  Structure  of  the 
Piedmont  Plateau  as  shown  in  Maryland/'  wrote  as  follows  in  regard  to 
the  nature  of  these  rocks: 

Throughout  the  Piedmont  area  under  discussion  have  been  recognized 
numerous  Igneous  rocks,  now  more  or  less  metamorphosed,  which  are  appar- 
ently Intruded  Into  all  of  the  rocks  as  old  as  the  mlca-schlsts.  Among  the 
types  found  are  granites  and  granite-gneisses,  dlorltes  and  metadlorltes, 
gabbros  and  metagabbros,  perldotltes,  pyroxenltes  and  serpentines,  meta- 
rhyolltes,  and  metabasalts. 

Many  others  might  be  added,  but  these  are  representative  and  show 
the  strong  trend  of  modem  thought  toward  the  theory  of  igneous  origin. 

SUMMARY    OF    FACTS    AND    THEIR    INTERPRETATION. 

As  pointed  out  in  the  historical  sketch  above,  many  of  the  facts  pre- 
sented in  this  report  and  in  Bulletin  No.  11  have  been  briefly  discussed 
in  previous  publications  ^  in  their  bearing  upon  the  origin  of  the  perido- 

"  Maryland  Geol.  Survey,  Cecil  County.  1902.  pp.  90-103. 
«U.  S.  Geol.  Survey  Folio  No.  9o,  1903.  p.  3. 
»  Bull.  Geol.  Soc.  of  America,  Vol.  14,  1903,  pp.  421-494. 
»*  Am.  Jour.  Science,  Vol.  XVII,  1904.  p.  145. 

»Jour.  Ellsha  Mitchell  Scl.  Soc,  Vol.  XII,  1895,  Part.  2,  pp.  24-37;  Am.  Jour.  Scl.. 
4th  ser.,  Vol.  VI,  1898,  pp.  49-51. 
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tites  and  associated  rocks.  The  conclusion  that  these  rocks  are  of  intru- 
sive igneous  origin  has  been  still  further  confirmed  by  subsequent  studies. 
It  seems  desirable,  therefore,  that  a  summary  of  facts  bearing  on  this 
subject,  and  the  interpretations  assigned  to  them,  should  be  set  forth 
here.  For  this  purpose  the  data  may  be  conveniently  arranged  under 
five  heads,  as  follows : 

1.  Mineralogical  characters. 

2.  Microscopic  characters. 

3.  Gross  structures. 

4.  Modes  of  occurrence. 

5.  Eelations  to  the  gneisses  and  schists. 

MINERALOGICAL   CHARACTERS. 

The  dunites  and  all  varieties  of  associated  rocks  throughout  the 
peridotite  belt  of  eastern  North  America,  in  the  fresh  anhydrous  condi- 
tion, conforms  closely  in  mineralogical  constitution  to  well-recognized 
types  of  igneous  rocks.  The  predominant  olivine  in  all  the  peridotites 
possesses  the  well-known  allotriomorphic  granular  structure  which  char- 
acterizes the  principal  constituents  of  Plutonic  igneous  rocks  as  a  class. 
Chromite,  the  most  basic  constituent,  is  the  only  one  frequently  showing 
crystal  boundaries;  and  this,  too,  fully  conforms  to  the  principles  of 
crystallization  found  to  prevail  in  the  slow  consolidation  of  a  molten 
magma. 

In  some  respects  the  mineralogical  constitution  of  these  rocks  is  also 
indicative  of  igneous  origin.  Chromite,  and  more  rarely  picotite,  is  a 
constant  and  characteristic  accessory  in  all  of  the  peridotites.  Sometimes 
it  forms  masses  of  considerable  size,  and  has  been  mined  more  or  less  in 
various  parts  of  the  belt;  but  in  all  cases  observed,  whether  it  exists  in 
the  larger  masses  or  not,  it  is  found  more  or  less  plentifully  scattered 
through  the  mass  of  the  rock  in  small  octahedral  crystals  and  irregular 
grains.  The  universal  occurrence  of  this  mineral,  which  is  unknown  in 
crystalline  rocks  of  metamorphic  origin,  is  regarded  as  specially  signifi- 
cant. Almost  equally  striking  is  the  great  scarcity  of  carbonates  in  tliesc 
rocks.  They  do  occur  in  small  veins  and  irregular  masses  in  a  number 
of  places,  but  always  in  very  small  amount.  In  the  great  majority  of 
outcrops,  no  trace  of  carbonates  has  been  observed.  Where  found  at  all 
they  are  invariably  associated  with  talc,  chlorite,  serpentine,  and  other 
secondary  minerals,  such  minerals  usually  greatly  predominating.  Hence 
there  can  be  no  reasonable  doubt  that  the  small  quantities  of  carbonates 
that  do  occur  are  of  secondary  origin,  and  in  no  case  to  be  regarded  as 
survivals  of  a  former  condition  of  these  rocks. 
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MICROSCOPIC   CHARACTERS. 

All  of  tlie  peridoties  in  fresh  or  only  slightly  altered  condition  exhibit 
in  thin  sections  a  thoroughly  crystalline,  granular  structure,  usually 
ranging  in  texture  from  medium-fine  to  coarse.  However,  olivine  grains 
one-half  inch  to  1  inch  in  diameter  are  not  infrequently  seen  in  some  of 
the  coarser  varieties;  and  in  some  localities  the  olivines  attain  the  ex- 
traordinary dimensions  of  4  to  6  inches  in  diameter,  as  near  Balsam  Gap, 
Jackson  County,  and  on  South  Toe  River,  Mitchell  County.  The  t}-pical, 
granular,  allotriomorphic  structure  of  the  fresher  peridotites  is  abun- 
dantly illustrated  in  the  petrographic  descriptions  in  Chapter  III,  with 
the  accompanying  plates.  In  thin  section  the  predominating  olivine  is 
found  to  be  invariably  angular  in  outline,  rarely  possessing  crystal  form ; 
and  the  grains  fit  perfectly  together  without  interstitial  spaces  or  cement- 
ing material  of  any  kind  (see  PI.  XLI,  figs.  1,  2).  In  the  first  stages 
of  alteration  the  grains  are  separated  by  thin  films  of  serpentine,  but  the 
irregularities  of  adjacent  grains  still  remain  perfect  counterparts.  Only 
in  the  more  advanced  stages  of  serpentinization  do  the  corners  become 
rounded  and  the  intervening  films  of  serpentine  assume  the  appearance 
of  an  interstitial  cement  in  sandstones.  Sometimes  in  the  serpentine 
derived  from  the  complete  alteration  of  these  rocks  the  outlines  of  the 
angular,  close-fitting  grains  of  the  original  rock  are  still  preserved  in  the 
mesh-structures  of  narrow  reticulate  bands  of  parallel-polarizing,  fibrous 
serpentine,  representing  the  first  stage  of  alteration  along  the  borders 
and  fissures  of  the  original  olivine  grains  (PI.  XLIV,  fig.  4).  Similar 
evidence  of  former  granular  structure  is  sometimes  preserved  in  the 
serpentines  by  the  thin  films  of  black  oxides  that  are  often  differentiated 
along  the  borders  of  the  grains  in  the  early  stages  of  alteration  (PI. 
XXXV,  figs.  5,  6).  These  structures,  so  characteristic  of  igneous  rocks, 
are  not  adequately  accounted  for  by  any  other  hypothesis  than  that  the 
peridotites  are  themselves  igneous. 

In  the  thinly  laminated  varieties  the  microscope  shows  an  alternation 
of  zones  of  finely  pulverized  olivine  with  thin  sheets  of  typical  granular 
structure,  in  which  the  grains  are  still  unbroken,  fit  perfectly  together, 
and  are  entirely  undisturbed — characters  in  every  respect  the  same  as  ob- 
served in  the  massive  varieties  (PI.  XLI,  fig.  5). 

GROSS   STRUCTURES. 

Many  of  the  peridotites  have  a  pronounced  laminated  structure,  similar 
to  that  of  the  enclosing  gneisses.  In  some  instances  this  is  so  highly 
developed  as  to  warrant  the  use  of  the  term  schist  in  describing  them 
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irregular  variations  sometimes  occur,  as  illustrated  on  the  various  maps 
accompanying  this  report. 

In  several  instances  the  lenticular  masses  are  distinctly  bifurcate;  as 
at  the  Hamlin  mine,  in  Macon  County;  on  Elk  Ridge,  in  Ashe  County; 
and  at  the  Asbestos  mine,  at  Sapphire,  Jackson  County.  In  these  cases 
the  two  extremities  of  the  forked  end  are  approximately  equal  in  extent 
and  similar  in  form.  More  radical  departures  from  the  compact  lenticu- 
lar form  are  found,  however,  in  the  numerous  instances  where  narrow, 
finger-like,  or  curved  and  irregular  apophyses  branch  off  through  the 
gneisses.  Several  examples  are  shown  on  the  maps  of  the  Buck  Creek, 
Corundum  Hill,  and  Webster  areas;  and  others  of  various  forms  are 
described  in  Chapter  II. 

Perhaps  the  most  significant  occurrence  yet  observed  is  found  in  the 
Webster  area  (PL  VIII)  5  miles  northeast  of  Webster  and  one  mile 
northwest  of  Addie,  where  peridotite  entirely  surrounds  an  area  of  gneiss 
more  than  one-fourth  mile  long  and  about  half  as  wide.  A  dunite  dike, 
7  inches  thick,  with  well -developed  columnar  jointing,  intersects  the 
coarse-grained  harzburgite  in  a  railroad  cut  2  miles  west  of  Balsam  Gap, 
in  Jackson  County  (PI.  X,  A).  It  is  difficult,  if  not  impossible,  to  con- 
ceive of  these  modes  of  occurrence  as  the  results  of  any  other  process  than 
that  of  igneous  intrusion. 

RELATIONS  TO  THE  GNEISSES  AND  SCHISTS. 

In  all  outcrops  the  basic  magnesian  peridotites  are  sharply  differ- 
entiated from  the  highly  acid  aluminous  gneisses.  Sometimes  there  is 
more  or  less  interlaniination  along  the  borders  of  the  peridotite  masses, 
thin  sheets  of  gneiss  and  peridotite  alternating  with  each  other  for  a 
distance  of  several  foet,  as  at  Webster,  Shooting  Creek,  Corundum  Hill, 
etc.  But  in  all  cases  the  types  are  perfectly  distinct,  with  no  tendency 
to  the  development  of  intermediate  or  transitional  forms.  Along  the 
planes  of  contact  there  is  always  more  or  less  development  of  schistose 
talc,  chlorite  or  vermiculite  between  the  adjacent  rocks.  These  some- 
times form  only  very  thin  sheets,  but  are  more  frequently  from  one  foot 
to  several  feet  in  thickness,  and  are  always  clearly  of  secondary  origin. 
By  any  process  of  chemical  or  mechanical  sedimentation  intermediate 
rock-types  would  most  probably  have  been  formed,  at  least  in  some  cases. 

The  lamination  of  the  gneisses  almost  invariably  follows  the  outlines 
of  the  peridotite  masses.  The  few  instances  where  they  have  been  found 
to  meet  these  boundaries  at  a  perceptible  angle  are  quite  exceptional. 
Such  a  conformity  of  the  strike  in  the  gneiss  to  the  boundaries  of  eruptive 
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masses  which  it  surrounds  has  frequently  been  observed;  and  these 
relations,  with  only  occasional  exceptions,  are  what  would  be  expected 
from  the  intrusion  of  a  molten  magma  into  a  highly  laminated  rock. 

That  these  rocks  occupy  planes  of  weakness  in  the  gneisses,  along 
which  subsequent  movement  has  taken  place,  is  strongly  suggested  by 
the  universal  development  of  schistose  secondary  minerals  about  the 
borders  of  the  peridotites.  This  view  is  still  further  supported  by  the 
remarkable  relations  between  the  peridotites  and  the  system  of  amphib- 
olite  dikes  in  the  Buck  Creek  area  (PI.  V).  The  fidelity  with  which 
most  of  these  intrusions  follow  the  borders  of  the  peridotites,  both 
around  the  main  mass  and  along  the  extremely  attenuated  apophysis,  is 
strikingly  shown  on  the  map.  Similar  relations  of  amphibolites  and 
peridotites  are  well  exhibited  about  Elf,  on  Shooting  Creek,  in  Clay 
County.  Another  evidence  that  movements  have  occurred  along  the 
planes  occupied  by  the  peridotites  is  the  widespread  development  of  lami- 
nation in  these  rocks,  a  structure  which  the  microscope  shows  to  be  the 
result  of  shearing. 

GENERAL    PETROLOGY    OF    THE    PERIDOTITES    AND    ASSOCIATED 

ROCKS. 

In  considering  the  relations  of  the  various  peridotites  and  associated 
basic  magnesian  rocks  to  each  other,  the  Buck  Creek  area  may  bo 
regarded  for  many  reasons  as  typical.  In  no  other  locality  in  North 
Carolina  are  so  many  rock  types  found  intimately  associated,  although, 
as  a  rule,  two  or  more  kinds  occur  together  in  the  larger  peridotite  areas 
throughout  the  region.  The  variety  represented  at  Buck  Creek  is  so 
great  as  to  include  almost  the  whole  series  found  in  the  Appalachian 
region,  and  their  relations  are  also  typical  of  the  peridotite  belt  as  a 
whole.  Hence  the  principles  deduced  from  a  study  of  this  locality  are 
of  Avide  application ;  and  it  is  believed  that  they  may  be  found  to  apply 
not  only  to  western  North  Carolina,  but  to  the  petrology  of  the  perido- 
tites and  their  associates  and  derivatives  throughout  tlie  crystalline  areas 
of  eastern  North  America. 

RELATIONS    OF    THE    BUCK    CREEK    ROCKS. 

In  the  small  area  on  top  of  the  mountain,  near  the  southern  border  of 
the  peridotite,  there  are  found  in  close  proximity,  dunite,  amphibole- 
peridotite,  troctolite,  anorthosite,  and  amphibolite"  in  such  relations  and 

"These  amphibolic  rocks  are  here  referred  to  as  orii^inal.  although  certainly  some 
of  them  and  probably  many,  If  not  all,  are  paramorphlc  derivatives  of  the  correspond- 
ing pyroxenlc  rocks,  and  are  closely  analogous  to  the  gabbro-dlorites  of  Maryland  and 
Delaware.  For  the  purposes  of  this  discussion,  however,  the  question  whether  they  are 
to  be  regarded  as  primary  or  secondary  rocks  is  entirely  immaterial  since  only  para- 
morphlc changes  are  involved,  and  the  magmatic  relationships  would  be  the  same  In 
either  case. 
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with  such  apparent  transitions  as  strongly  to  suggest  a  genetic  con- 
nection. Specimens  were  collected  here  for  the  purpose  of  determining 
this  question,  if  possible,  by  microscopic  examination.  Specimens  num- 
bered B16  to  B34  were  thought  to  include  transitional  forms,  if  such 
occur,  and  thin  sections  from  these  gave  the  following  results: 

Nos.  B23  and  B24  show  remarkably  distinct  contacts  of  dunite  and 
troctolite.  The  demarcation  is  everywhere  distinct,  as  shown  by  the 
photomicrograph  reproduced  in  PI.  XXXVIII,  fig.  1.  In  the  troctolite 
olivine  predominates,  and  the  feldspar  has  been  replaced  by  corrosion 
products. 

B27  and  B29,  on  the  other  hand,  are  highly  feldspathic  troctolites, 
or  olivine-anorthosites,  being  composed  of  anorthite  chiefly,  with  cor- 
rosion products  almost  completely  replacing  the  olivine.  The  characters 
of  these  sections  are  identical  with  those  shown  in  PI.  XXXVIII,  fig.  4. 
It  is  noteworthy  that  in  these  sections  the  enstatite  of  the  corrosion 
mantles,  which  invariably  lies  next  the  olivine  in  the  normal  troctolites 
of  this  region,  has  been  largely  replaced  by  a  colorless,  monoclinic  amphi- 
bole,  with  the  properties,  so  far  as  detennined,  of  tremolite.  In  many 
places  no  enstatite  at  all  is  visible,  while  in  others  granular  enstatite  re- 
places only  the  last  central  remnant  of  the  olivine.  This  variation  of 
the  corrosion  products  is  attributable  to  the  predominance  of  anorthite, 
producing  lime-bearing  and  possibly  aluminous  minerals  throughout  the 
thickness  of  the  mantle.  This  hypothesis  is  also  in  accord  with  the  fact 
that  besides  the  usual  large  amount  of  green  spinel  intergrown  with  the 
fibrous  green  amphibole,  there  is  an  excess  of  alumina  which  has  crystal- 
lized as  corundum. 

In  sections  BIG  and  B30  to  B32  light  green  aluminous  amphibole, 
in  well-defined  distinct  grains,  is  the  predominant  constituent,  although 
anorthite  is  abundant  in  some  sections  and  rarely  absent  altogether. 
These  are  typical  amphibolites.  In  some  sections  dark  brown  picotite 
and  corundum  are  intergrown  in  numerous  exceedingly  irregular  masses 
of  extremely  variable  size.  The  corundum  is  usually  pleochroic:  light 
pink  and  colorless.  Broad,  irregular,  cleavable  masses  of  pink  to  ruby-red 
corundum,  several  inches  in  width,  are  not  uncommon  in  the  rock  from 
which  these  specimens  Avere  taken.  The  small  grains  and  larger  ragged 
masses  of  highly  refracting  minerals  in  PI.  XXXIX,  fig.  5,  are  corun- 
dum. The  picotite  occurs  alone  also,  in  numerous,  rounded,  microscopic 
grains;  and  where  it  occurs  the  adjacent  hornblende  grains  have  a  bril- 
liant grass-green  color,  which  often  extends  to  a  distance  equal  to  several 
times  the  diameter  of  the  picotite. 

It  will  scarcely  be  doubted  that  the  corundiferous  anorthosite  described 
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above  is  essentially  the  same  as  the  troetolite  with  which  it  is  associated, 
and  there  can  be  no  question  as  to  the  unity  of  the  anorthosite  and  the 
amphibolite.  Typical  specimens  of  both  may  frequently  be  taken  from 
the  same  mass  within  a  few  inches  of  each  other.  Thus  we  have  inti- 
mately associated,  and  apparently  representing  facies  of  the  same  magma, 
rocks  possessing  a  wide  range  of  physical  and  mineralogical  characteris- 
tics ;  namely,  dimite,  amphibole-peridotite,  troetolite,  olivine-gabbro, 
amphibolite,  diorite,  and  anorthosite  (see  p.  152). 

With  all  their  diversity,  however,  we  may  conceive  of  these  rocks  as 
essentially  the  products  of  a  magnesian  silicate  magma  containing  small 
amoimts  of  lime  and  alumina.  The  original  undiflferentiated  magma 
was  doubtless  essentially  a  magnesia-lime-alumina  silicate  in  which  the 
magnesia  constituent  greatly  predominated  over  the  lime  and  alumina. 
Through  varying  degrees  of  differentiation  and  different  conditions  of 
crystallization,  this  magma  gave  rise  to  the  types  above  enumerated, 
besides  intermediate  transitional  fonns. 

By  far  the  greater  part  of  this  original  magma  formed  rocks  consisting 
largely  of  olivine;  namely,  dunite,  amphibole-peridotite,  and  troetolite, 
the  first  two  gre^^tly  exceeding  in  amount  all  the  other  varieties.  In 
those  portions  of  the  magma  containing  but  little  of  the  lime  molecule 
anorthite  crystallized  in  small  amount  and  has  been  entirely  replaced  by 
corrosion  products,  as  in  the  less  feldspathic  facies  of  the  troctolites 
(PI.  XXXVIII,  fig.  5).  With  more  of  the  lime  molecule,  anorthite 
formed  in  larger  amount  and  typical  troetolite  was  produced,  with  corro- 
sion mantles  "  everywhere  separating  the  two  chief  constituents.  Where 
the  segregated  lime  molecule  preponderated  over  the  magnesia,  anorthite 
was  produced  in  great  abundance,  exposing  large  areas  to  the  corrosion 
of  the  still  molten  magnesia  magma.  In  this  case  the  magnesia  molecule 
has  been  more  or  less  completely  consumed  in  the  formation  of  corrosion 
products.  The  excess  of  alumina  from  the  corroded  anorthite  has  crys- 
tallized as  microscopic  grains  of  corundum  in  the  midst  of  the  magnesia- 
lime-alumina  silicates  produced  by  the  corrosion.  This  is  true  of  the 
anorthosites  and  the  more  feldspathic  amphibolites. 

The  hypothesis  here  advanced  does  not  preclude  the  possibility  that 
alumina  mav  have  existed  in  excess  of  the  demands  of  the  anortliite 
molecule  in  the  original  magma,  or  may  have  been  taken  up  by  solution 
from  aluminous  rocks  with  which  it  came  in  contact.  In  either  case 
the  excess  would  crystallize  as  corundum  of  the  first  generation  along 
with  the  anorthite,  or  possibly  before  it.  It  is  quite  probable  that  such 
a  condition  existed  in  many  parts  of  the  magma  that  were  differentiated 

"  The  origin  of  these  corrosion  mantles  is  more  fully  discussed  on  p.   146. 
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into  the  various  facies  of  peridotite,  amphibolite,  and  anorthosite.  Such 
is  doubtless  the  origin  of  tlie  relatively  large  masses  of  pink  to  ruby-red 
corundum  in  the  amphibolites  of  Buck  Creek  and  Shooting  Creek  and 
in  the  anorthosites  on  the  western  slopes  of  Chunky  Gal  Mountain,  as 
well  as  of  the  more  extensive  and  valuable  deposits  of  corundum  in  the 
peridotites  themselves.  This  subject  is  more  fully  discussed  in  Chap- 
ter X. 

We  have,  then,  two  generations  of  corundum.  By  far  the  greater 
part,  including  all  deposits  of  commercial  value,  belongs  to  the  first  gen- 
eration, and  was  formed  bv  crvstallization  of  the  excess  of  alumina  in 
the  original  peridotite  magma.  A  very  small  quantity,  however,  occur- 
ring in  microscopic  grains,  has  been  produced  by  an  excess  of  alumina 
arising  from  the  corrosion  of  anorthite  by  the  still  molten  magnesian 
magma.  In  the  latter  case,  it  is  presumable  that  the  anorthite  had  crys- 
tallized, and  was  afterward,  under  other  conditions,  more  or  less  corroded 
by  the  remaining  magma,  thus  giving  rise  to  the  sheaths  of  intermediate 
minerals  (corrosion  mantles),  or  to  the  entire  replacement  of  one  of  the 
constituents  by  aggregates  of  such  minerals. 

If  in  any  case  the  lime-alumina  molecule  in  the  original  magma  had 
not  been  differentiated  into  anorthite  at  the  time  of  crj'stallization,  sili- 
cates of  all  the  bases  would  be  formed.  This  is  the  case  in  the  amphibo- 
lites, which  correspond  very  closely  in  composition  to  a  magma  consist- 
ing of  anorthite  and  olivine  molecules  in  the  ratio  of  2  to  1.  Sucli 
a  combination  is  represented  in  column  I  of  the  accompanying  table,  the 
iron  of  olivine  being  represented,  for  the  sake  of  simplicity,  by  its 
equivalent  of  magnesia.  By  the  removal  of  8  per  cent  of  the  alumina 
and  1  per  cent  of  magnesia  to  form  corundum  and  spinel,  and  recalcu- 
lation to  100  per  cent,  the  values  of  column  II  are  obtained.  For  com- 
parison, the  conij)Osition  of  the  hornblende  from  amphibolite  is  given 
in  column  III,  using  tlio  average  of  the  two  analyses  given  on  page  84, 
the  alkalies  being  recalculated  as  lime,  the  iron  as  magnesia. 

Composition  of  theoretical  olivine-anorthite  magma  (I  and  II) 

compared  with  amphibolite  (III). 

SiO-    

AUO,    

MgO     

CaO    

100.0  100.0  100.0 

10 


I. 

. .   43.1 

II. 

47.4 
18.1 
19.8 
14.7 

III. 
47.3 

. .   24.5 

18.7 

. .   19.0 

19.4 

. .   13.4 

14.6 
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I.  Mixture  of  anorthite  and  olivine  in  ratio  2  to  1. 

II.  Same  after  removal  of  8  per  cent  alumina  and  1  per  cent  magnesia  and 
recalculation  to  100  per  cent 

III.  Composition  of  the  hornblende  that  forms  the  essential  constituent  of 
the  amphibolites,  alkalies  being  reduced  to  equivalent  of  lime  and  iron  to 
magnesia. 

Thus  we  may  consider  the  whole  series  of  rocks  associated  with  the 
peridotites  of  Buck  Creek  as  derived  from  a  highly  magnesian  silicate 
magma,  containing  small  amounts  of  lime  and  alumina.  The  lime  and 
alumina  have  combined  with  the  magnesia,  under  certain  conditions,  to 
form  the  amphibole  of  the  amphibolites  and  amphibole-peridotites.  In 
other  portions  of  the  magma,  the  lime  and  alumina  molecules  have  dif- 
ferentiated into  anorthite,  forming  feldspathic  peridotites,  troctolites, 
and  anorthosites.  After  the  disposal  of  the  lime  and  alumina,  however, 
much  the  greater  part  of  the  magma  remains  to  form  the  magnesian 
silicate,  olivine,  of  dunite  and  the  other  peridotites.  Thus  the  recog- 
nizable types  produced  in  the  Buck  Creek  area,  arranged  in  the  order  of 
increasing  lime  and  alumina  and  decreasing  magnesia,  are  as  follows : 

1.  Dunite,  the  granular  aggregate  of  olivine;  by  far  the  most  abun- 
dant. 

2.  Amphibole-peridotite,  the  amphibole-olivine  rock;  forming  im- 
portant areas,  though  much  subordinate  to  the  dunite. 

3.  Troctolite,  the  feldspar-olivine  rock;  occurring  in  still  smaller 
masses,  and  by  the  introduction  of  augite  passing  occasionally  into — 

4.  Olivine-gabbro,  which  occurs  only  as  a  minor  facies  of  troctolite. 

5.  Amphibolite,  the  bright  green  aluminous  amphibole-rock,  frequently 
bearing  pink  and  ruby  corundum ;  occurring  chiefly  in  numerous  narrow 
dikes.     With  the  introduction  of  anorthite,  it  often  passes  into — 

6.  Diorite,  which  occurs  only  in  small  amount,  as  a  local  facies  of 
amphibolite,  and  sometimes  forming  a  transition  into — 

7.  Anorthosite,  the  nearly  pure  anorthite  rock,  which  occurs  only  in 
small  amounts.  The  occurrence  of  olivine  in  this  rock  occasionally 
gives  rise  to  an  olivine-anorthosite  facies,  which  forms  a  transition  into 
troctolite. 

ORIGIN   OF   THE   CORROSION   MANTLES   IN    THE   OLIVINE-FELDSPAR   ROCKS. 

The  sheaths  of  intermediate  silicates  that  everywhere  separate  the 
olivine  from  the  feldspar  in  the  troctolites  and  olivine-gabbros  have  been 
described  on  pages  79  to  81.  As  there  stated,  all  constituents  are  well 
developed  in  places,  permitting  a  comparatively  easy  determination  of 
their  character.     They  are  usually  two-  or  three-ply  (PI.  XXXVIII,  figs. 
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2,  3),  and  are  sometimes  more  than  a  millimeter  in  thickness.  In 
the  typical  three-ply  development,  the  layers,  beginning  next  the  olivine, 
are  as  follows:  (a)  enstatite,  in  stout,  colorless,  parallel  or  radial  col- 
umns; (b)  diopside,  short  columns,  often  apparently  continuous  with  the 
enstatite;  (c)  actinolite,  in  pale  greenish  fibers,  parallel,  radial,  or  gath- 
ered into  sheaf -like  bundles.  Everywhere,  except  in  a  thin  layer  next 
the  anorthite,  the  actinolite  is  intricately  intergrown  with  irregular 
masses  and  tangled  vermiculate  stringers  of  pleonaste.  The  enstatite  is 
the  least  variable,  and  is  never  absent;  the  diopside  is  the  least  constant, 
and  is  often  wanting  in  portions  of  the  sections;  the  actinolite  has  a 
much  greater  development  than  the  other  portions,  and  is  somewhat 
variable,  but  never  lacking  altogether  except  for  very  short  distances. 

Dr.  Adams  regards  the  similar  "reaction-rims''  of  the  Canadian 
anorthosites  as  due  to  mutual  reaction  between  the  olivine  and  the  pla- 
gioclase,  probably  between  the  olivine  and  the  still  molten  plagioclaso 
magma.  The  suggestion  of  magmatic  corrosion  in  the  latter  clause 
seems  to  be  the  more  plausible  explanation.  It  is,  of  course,  conceivable 
that  intermediate  products  might  be  formed  between  minerals  without 
the  aid  of  fusion ;  but  that  the  extensive  development  of  anhydrous  sili- 
cates composing  the  mantles  under  consideration  were  formed  in  this 
.manner  seems  highly  improbable.  On  the  other  hand,  there  seems  to  be 
no  objection  to  the  hypothesis  that  these  aggregates  represent  the  results 
of  corrosion  of  one  mineral  by  the  still  liquid  magma  of  the  other,  when 
it  had  cooled  almost  to  the  point  of  consolidation,  and  it  is  entirely  in 
accord  with  the  conclusions  set  forth  in  this  chapter  aa  to  the  origin  and 
nature  of  these  rocks.  As  described  on  page  353,  both  laboratory  experi- 
ments and  observations  in  the  field  show  that  in  a  basic  magnesian  magma 
the  aluminous  minerals  crystallize  first.  It  is  highly  probable,  therefore, 
that  the  feldspar  in  this  rock  represents  the  earlier  crystallization.  The 
relatively  large  size  of  the  feldspars,  while  the  olivine  forms  a  much 
finer  grained  groundmass,  would  also  sustain  this  view.  The  results  of 
Dr.  G.  H.  Williams'"  investigations  of  the  feldspathic  peridotites  of 
eastern  Maryland  are  in  perfect  accord  with  this  conclusion.     He  says: 

The  olivine  (the  most  characteristic  constituent  of  this  class  of  rocks) 
exhibits  no  very  striking  peculiarities.  It  is  present  in  small  rounded  grains, 
forming  the  dark,  compact  groundmass  in  which  crystals  of  the  other 
minerals  are  porphyrltically  imbedded.  The  structure  of  these  rocks  is  there- 
fore quite  an  exceptional  one  for  the  family  of  peridotites:  first,  on  account 
of  the  porphyritic "  character,  which  is  rare  In  members  of  this  class,  and, 

■•  Bull.  U.  S.  Geol.  Survey  No.  28.  1886,  p.  53. 

••  As  the  context  shows,  the  term  "  porphyritic  *'  here  refers  to  large  irregular 
masses,  or  nnhedrons,  and  not  to  iciiomorphic  crystals. 
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second,  because  of  the  unusual  position  of  the  olivine  in  the  groundmass. 
indicating  that  it  is  here  the  youngest,  instead  of  the  oldest  constituent,  as  is 
generally  the  case. 

Assuming  that  these  rocks  are  intrusive  masses  and  that  the  anorthite 
represents  a  deep-seated  crystallization,  snflBcient  change  in  condition 
might  readily  have  been  produced  by  intrusion  into  their  present  position 
tq  have  caused  the  beginning  of  corrosion  before  cooling.  This  reaction 
would  be  quickly  stopped,  however,  by  the  solidification  of  the  rock. 
The  products  resulting  from  the  combination  of  the  aluminum,  magne- 
sium, and  calcium  silicates  would,  therefore,  be  limited  to  comparatively 
short  distances  from  the  original  anorthite  surface,  and  would  appear  in 
the  solidified  rock  as  mantles  or  sheets  between  the  olivine  grains  and 
the  anorthite. 

This  view  is  confirmed  by  the  chemical  constitution  of  the  intervening 
minerals  and  their  relations  to  the  olivine  on  the  one  hand  and  to  the 
anorthite  on  tlie  other.  In  the  typical  three-ply  mantles  the  minerals 
and  their  theoretical  composition,  in  the  order  of  occurrence  from  anor- 
thite to  olivine,  are  as  follows: 

Minerals  of  the  corrosion  mantles  and  their  chemical  formula. 

Anorthite ' CaAl^SisO. 

Pleonaste (Mg.  Fe)  AlA 

Actinolite Ca(Mg,  Fe),(SiO,)4 

Diopside CaMgCSiO,), 

Bnstatite (Mg.  Fe)SiO, 

Olivine (Mg,  Fe),Si04 

Neglecting  for  present  purposes  the  isomorphous  replacement  of 
magnesium  by  iron,  these  formulas  give  the  following  percentage  com- 
positions : 

Theoretical  composition  of  minerals  in  three-ply  corrosion 

mantles, 

SiO,  AlaO,  CaO  MgO 

Anorthite    43.2  36.7  20.1 

Pleonaste     71.8  . . .  28.2 

Actinolite    57.7  ...  13.4  28.9 

Diopside    55.6  . . .  25.9  18.5 

Enstatite    60.0  ...  ...  40.0 

Olivine   42.9  ...  ...  57.1 

It  will  be  noted  that  the  intervening  minerals  are  all  compounds  of  the 
elements  found  in  anorthite  and  olivine,  and  of  these  alone.  The  pro- 
portions of  these  minerals  in  the  mantles  cannot  be  estimated  with  any 
high  degree  of  accuracy,  on  account  of  their  variability.     The  enstatite  is 
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always  present,  and  the  actinolite,  thickly  intergrown  with  pleonaste 
except  in  its  inner  portion,  is  almost  as  constant.  With  all  the  variations 
in  thickness  of  the  mantle,  the  proportions  of  these  three  minerals  do  not 
fluctuate  much.  The  diopside,  however,  is  exceedingly  inconstant  and 
is  often  scarcely  to  be  found  at  all.  The  following  percentages  represent 
approximately  the  constitution  of  the  mantles  as  well  as  could  be  esti- 
mated in  the  several  sections  examined: 

Mineral  constitution  of  three-ply  corrosion  mantles. 

Actinolite   35  per  cent. 

Pleonaste    25    " 

Diopside   15    " 

Enstatite    25    " 

Ancrthite  Corro&ion  Mantit  Olivine 


Si0243,2 


k\20ilt 


CaO  20 


.9  SiOa 


I  MgO 


Fio.  6. — Diagram  sbowlng  the  chemical  relations  of  the  corrosion  mantles  to  the 

adjacent  minerals. 


Using  those  proportions  and  tlie  pen-en  t  age  com  position  of  the  various 
constituents  as  given  above,  we  obtain  the  following  values: 

Chemical  constitution  of  corrosion  mantles  and  adjacent 

minerals. 

SiO, 

Anortliite    43.2 

Corrosion  mantles    43.5 

Olivine    42.9 


AUO, 

CaO 

MgO 

3G.7 

20.1 

•   •   ■ 

18.0 

8.6 

29.9 

■   •   • 

•   •   • 

57.1 

In  the  above  table  the  silica  is  practically  constant,  alumina  and  lime 
decrease  and  niagrn-sia  increases  in  passing  from  the  anorthil-e  to  the 
olivine,  as  illustrated  diagrammatically  in  fig.  C. 
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Changing  the  proportions  of  the  minerals  constituting  the  mantles  to 
any  values  within  the  limits  of  a  readonable  approximation  would  pro- 
duce but  slight  variations  in  the  bulk  composition.  For  instance,  the 
proportions, 

Actinolite  50,  pleonaste  30,  diopside  10,  eostatite  SO, 
would  yield  the  following  bulk  composition  for  the  mantle : 

SiO,  46.4;  Al.O,  14.4;  CaO  9.3;  MgO  29.9  =  100.0. 
It  will  be  observed  that  these  values  differ  but  little  from  those  obtained 
above. 

The  individual  constituents  of  the  mantles  are  represented  in  their 
relative  positions  in  fig.  7,  with  the  adjoining  gnorthite  on  one  side  and 


FiQ.  T. — Diagram  sbowlas 


CODltltUtlDR    tbt 


the  olivine  on  the  other.     The  proportions  of  the  various  minerals,  as 
estimated  above,  are  represented  by  the  widths  of  the  columns.     Actino- 
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lite  alone  makes  up  but  a  very  thin  inner  portion  of  the  layer  next  the 
anorthite,  hence  most  of  this  layer  is  represented  by  a  mixture  of  actino- 
lite  and  pleonaste  in  the  proportions  given. 

It  is  noteworthy  that  while  the  magnesia  supplied  by  the  olivine 
magma  decreases  somewhat  irregularly  toward  the  anorthite,  it  is  found 
throughout  the  entire  thickness  of  the  mantle.  On  the  other  hand,  the 
lime  from  tlie  anorthite  is  found  only  in  the  actinolite  and  diopside 
layers,  while  the  alumina  is  confined  to  the  pleonaste  intergrown  with 
the  actinolite,  which  is  in  accord  with  the  principles  given  on  page  150 
regarding  the  separation  of  alumina  from  a  magnesian  silicate  magma. 
As  described  there,  alumina  does  not  have  a  tendency  to  unite  with 
magnesia  to  form  double  silicates,  but  combines  with  any  excess  of  mag- 
nesia that  may  be  present  to  form  the  double  oxides  of  the  spinel  group. 
The  silica  percentage  of  anorthite  is  almost  exactly  the  same  as  that  of 
the  olivine;  but  the  spinel,  being  confined  to  the  actinolite  layer,  causes  a 
relative  decrease  of  silica  there  and  a  corresponding  increase  in  the  other 
portions  of  the  mantle. 

GENERAL  PETROLOGY  OF  THE  PERIDOTITE  BELT. 

As  stated  above,  it  is  believed  that  the  principles  deduced  from  a 
detailed  study  of  the  Buck  Creek  area  are  applicable  to  the  peridotites 
and  their  associates  and  derivatives,  not  only  in  the  peridotite  belt  of 
western  North  Carolina,  but  also  in  its  northward  and  southward  exten- 
sions throughout  the  crystalline  areas  of  eastern  United  States  and 
Canada.  The  limited  observations  that  have  been  made  in  other  por- 
tions of  the  field,  north  and  south,  in  connection  with  the  work  in 
North  Carolina,  are  in  full  accord  with  the  conception  of  genetic  unit}' 
of  the  whole  series  of  associated  basic  magnesian  rocks.  Further  con- 
firmation is  also  found  in  the  results  of  petrographic  studies  in  various 
limited  areas  of  this  region  that  have  been  published  at  intervals  during 
the  past  two  decades. 

The  series  of  rocks  involved  in  the  Buck  Creek  area,  enumerated 
above,  does  not  include  quite  all  of  the  types  represented  within  the  State ; 
but  it  is  sufficiently  inclusive  and  the  relations  are  such  as  to  clearly 
establish  the  essential  unitv  of  the  whole  series.  With  the  addition  of 
pyroxenites  and  pyroxenic  peridotites,  the  list  is  practically  complete  for 
the  whole  region,  only  a  few  minor  facies  being  omitted.  It  is  also  a 
noteworthy  fact  that  several  of  these  rock  types  are  closely  associated 
in  almost  every  occurrence  throughout  the  belt;  and  whether  one  or 
another  preponderates  in  any  particular  region,  the  relations  in  all 
cases  are  essentially  the  same.    Thus  the  peridotites,  particularly  dunite, 
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regarded  as  very  ancient.  This  attitude  is  illustrated  by  the  following 
extract  from  Dr.  A.  L*.  C.  Selwyn's"*  outline  of  the  geology  of  Canada 
which  might  be  readily  paralleled  from  the  writings  of  many  geologists 
little  more  than  a  decade  ago: 

The  soapstone,  potstone  or  micarock,  serpentine,  and  asbestos  ....  belong 
to  the  pre-Cambrian  belts.  .  .  .  No  fossils  of  any  kind  have  yet  been  found 
in  the  rocks  of  these  belts,  and  they  are  presumed  to  belong  to  the  Huronlan 
System,  not  only  because  of  the  geological  position  which  they  apparently 
occupy,  but  also  on  account  of  their  close  correspondence  with  it  in  physical 
aspect,  and  in  mineral  and  lithologlcal  characters. 

Since  portions  of  these  highly  crystalline  rocks  are  now  regarded  as 
extremely  metamorphosed  Paleozoic  sediments,  tlie  old  supposition  of 
ancient  origin  is  no  longer  to  be  accepted  for  any  portion  of  the  belt 
without  other  evidences  than  mere  lithologic  character.  Hence  in  recent 
geologic  work  in  several  widely  separated  portions  of  this  region,  the 
effort  has  been  made  to  determine,  as  nearly  as  possible,  the  age  and 
succession  of  the  various  crystalline  gneisses  and  schists,  and  the  igneous 
masses  bv  which  thev  are  intruded.  Unfortunately  but  small  areas, 
comparatively,  of  this  great  crystalline  belt  which  extends  from  Alabama 
to  Quebec  and  Newfoundland,  have  yet  been  studied  and  mapped  in 
detail;  and  but  little  satisfactory  correlation  between  these  is  possible. 
The  accompanying  t^ble  is  an  attempt  by  Dr.  E.  B.  Mathews"  to 
correlate  the  formations  of  the  Marvland  Piedmont  with  those  of  areas 
about  New  York,  Philadelphia,  and  Washington,  exclusive  of  igneous  ma- 
terial.    Dr.  Mathews  savs : 

The  determination  of  the  age  of  these  formations  by  fossils  is  impossible 
at  the  present  time  in  Maryland,  and  the  age  assigned  the  various  beds  is 
therefore  regarded  as  somewhat  unproven,  but  the  sequence  here  is  compar- 
able to  that  of  the  similarly  situated  areas  farther  north  where  they  have 
been  rorrelated  with  less  metamorphosed  beds  bearing  fossils.  The  litho- 
loglcal features  and  structural  characteristics  are  the  same  in  the  different 
regions  and  it  is  probable  that  this  correlation  is  the  true  one  and  that  it 
must,  perhaps  forever,  remain  unproven  for  certain  portions  of  the  Maryland 
region  where  the  beds  are  separated  from  other  sedimentaries  by  Igneous 
rocks. 

*®  Descriptive  Sketch  of  the  Physical  Geography  and  Geology  of  the  Dominion  of 
Canada,  Montreal.  isM,  p.  13. 

"Am.  Jour.   Sci.,  Vol.   XVII.   1004,  p.   148. 
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For  comparison,  the  succession  as  worked  out  in  the  Green  Mountains, 
central  Massachusetts,  and  the  Cranberry  area  (N.  C.-Tenn.),  is  also 
given. 

COMPARISON   OF   GEOLOGIC  SUCCESSION  IN  GREEN    MOUNTAINS,  CENTRAL 
MASSACHUSETTS,    AND   WESTERN    NORTH   CAROLINA. 


Green  Mountains. 
Pumpclly,  Wolff,  Dale.^'' 


Central  Massachusetts. 
Emerson."*'^ 


Silurian. 

Rowe  schist,  silvery  green. 
Greylock  schist,  musco- 

vite,  chlorite,  and  quartz 

schist. 
Bellowspipe  limestone, 

more  or  less  crystalline, 

generally  micaceous  and 

pyritlferous. 
Berkshire  schist,  musco- 

ylte,  chlorite,  and  quartz 

schist. 
Stockbridge  limestone  (in 

part),  coarse  crystalline 

Umestone  and  dolomite. 
(Iloosac  schist,  Silurian, 

equlv.  Stockbridge  to 

Greylock). 


Civnbriatt. 

Stockbridge  limestone  (In 
part). 

Vermont  formation,  gneis- 
ses, quartzite,  and  con- 
glomerate. 


Silurian. 

Leyden  argllllte,  a  dark 
slate  or  line  grained  mica 
schist. 

Conway  schist,  coaly  mica 
schist  with  limestone  and 
quartzite. 

Goshem  schist,  flaggy  mica 
schist. 

Ilawley  schist,  sericite  and 
chlorite  schist. 

Savoy  schist,  sericite 
schist. 

Chester  amphlbollte,  with 
serpentine,  limestone,  etc. 
(Equlv.  to  Bellowsplpe?) 

Kowe  schist,  coarse  seri- 
cite schist. 

Hoosac  schist,  albitlc  seri- 
cite schist. 

Cambria  71. 

Pelham  quartzite,  aren- 
aceous, actiuolitlc. 

Becket  gneiss,  light  gray 
biotite  gn.,  sometimes 
conglomerate. 


Cranberry  Area 
(N.  C.-Tknn.) 

Keith. « 


Cambrian. 

Watauga  shale,  purple, 
reddish,  yelh>w,  with 
sandstones  and  lime- 
stones. 

8hady  limestone,  grayish 
limestone  with  chert. 

Erwin  quartzite,  white 
sandstone  and  quartzite. 

Hampton  shale,  bluish 
and  gray  with  thin  sand, 
stones. 

Unicoi  formation,  white 
sandstones  and  quartzite 
with  shale  and  coui^lom- 
erate. 


Pre-Cutnbrlan. 


Pre-Cambri'in. 


Stamford  irneiss,  coarse,         Washington  gneiss,  dark, 
banded,  granitoid  irneiss.        compact,  slightlv  Hbro- 

lltic. 


**U.  S.  Geol.  Survey  MonographB,  Vol.  XXXIII,  1894, 

*«Ibid..  Vol.  XXIX,  1898. 

•♦IT.  S.  Geol.  Survey  Folio  No.  90.  lOO.S. 


Archetifi. 

Carolina  gneiss,  mica 
gneiss  and  mica  schist. 
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While  it  may  be  possible  to  build  up  a  fairly  plausible  correlation 
table  including  all  these  areas,  using  both  lithologic  characters  and  geo- 
logic succession,  it  must  be  conceded  that  such  a  table  would  possess  but 
little  real  value,  in  the  present  state  of  our  knowledge.  In  such  highly 
metamorphosed  rocks,  and  at  such  great  distances  lithologic  characters 
have  little  weight  in  correlation,  and  geologic  succession  can  be  deter- 
mined only  with  great  difficulty.  Often  it  cannot  be  satisfactorily  made 
out  at  all.  It  is  not  surprising,  therefore,  that  the  investigators  who  have 
worked  in  the  various  regions  referred  to  have  arrived  at  some  very 
diverse  conclusions.  This  is  particularly  true  in  regard  to  the  age  of 
the  peridotites,  pyroxenites,  etc. 

Messrs.  Pumpelly,  Wolff,  and  Dale  found  amphibolite  derived  from 
basic  intrusives  in  the  gneisses  of  the  "Vermont  formation '^  of  the 
Green  Mountains  which  thev  correlate  with  Cambrian.  Mr.  G.  C.  Mar- 
tin**  later  described  an  intrusion  of  dunite  in  the  same  rocks,  on  the 
west  slope  of  Hoosac  Mountain,  near  Cheshire. 

Professor  Emerson  considers  the  Chester  amphibolite-serpentine  series 
as  an  altered  limestone  and  groups  it  with  Silurian  formations,  possibly 
the  equivalent  of  the  Bellowspipe  limestone  of  Hoosac  Valley.  The 
peridotites  that  cut  the  gneisses  of  Pelham,  Shutesbury,  and  New  Salem, 
however,  are  regarded  as  igneous  intrusions  of  Carboniferous  age. 

Dr.  Merrill  considers  the  amphibolites,  pyroxenites,  serpentine,  etc.^ 
of  the  New  York  area  as  belonging  to  the  same  general  period  of  igneous 
activity  as  the  granite-gneiss,  pegmatite  and  diorite  of  the  same  region; 
that  is,  "  posterior  to  the  deposition  of  the  Hudson  schists  and  therefore 
probably  post-Silurian  and  prior  to  a  part  of  the  dynamic  disturbances 
and  crumpling  of  these  rocks  tlirough  which  the  intrusions  have  become 
schistose  and  even  crumpled." 

Dr.  Julien,**  in  a  recent  exhaustive  discussion  of  the  "'  Genesis  of  the 
Amphibole  Schists  and  Serpentines  of  Manhattan  Island,  New  York/^ 
says  of  the  serpentine :  "  Its  genesis  is  interwoven  with  that  of  the  am- 
phibolite schists."  In  regard  to  the  age  of  the  latter,  without  assigning 
them  to  any  definite  period,  he  concludes  as  follows: 

These  hornblendic  schists  then  represent  the  most  ancient  group  of  intru- 
sions into  the  Manhattan  series,  probably  both  as  dikes  and  sills  and  mainly 
along  one  or  two  horizons,  about  500  feet  apart.  In  the  larger  sheets  the  trap 
was  apparently  porphyritic,  with  holocrystalline  groundmass,  of  extreme 
basic  composition  and  probably  rich  in  pyroxene.  While  no  definite  evidence 
appears  of  the  survival   of  that   mineral    in   any   rocks  of  the  island,   the 

«Am.  Jour.   Scl.,  Vol.  VI,   l.«OS.  pp.  244-248. 

♦•Bull.  Geol.  Soc.  of  Amoricn.  Vol.  14.  1003,  pp.  421-494. 
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remnants  of  phenocrysts  point  to  the  gabbro-llke  character  of  these  ancient 
dikes,  and  perhaps  to  their  issue  as  a  fringe  to  the  now  well-known  center 
of  eruption,  30  miles  north,  near  Croton  point,  or  more  likely,  I  think,  at  an 
independent  center  of  still  greater  antiquity  in  the  Manhattan  region.  .  .  . 
Similar  series  of  ancient  intrusions  occur  in  the  tracts  of  crystalline  rocks 
along  the  entire  Atlantic  belt,  in  whose  metamorphism  the  earlier  phase  is 
well  illustrated  in  the  pyroxenic  gabro-diorite  series  of  Maryland,  and  one  of 
the  latest  in  the  hornblende  schists  of  Manhattan. 

Dr.  F.  Bascom  *'  considers  the  mica  gneiss  (Wissahickon)  through 
which  the  basic  eruptives  cut  in  Pennsylvania  and  !Mar}dand  as  probably 
of  Sihirian  age,  but  adds: 

Positive  proof  for  or  against  the  Paleozoic  age  of  the  Wissahickon  inica- 
gneiss  is  lacking.  Until  evidence  for  or  against  a  faulted  structure  has  been 
procured,  or  fossils  are  found  in  the  interstratifled  limestone,  the  age  of  the 
Wissahickon  gneiss  and  hence  of  the  Cecil  County  mica  gneiss  must  be  con- 
sidered as  undetermined.     It  is  either  pre-Cambrian  or  lower  Silurian.  .  .  . 

If  the  igneous  formations  are  intrusive  in  the  mica  gneiss  they  are  of  a  later 
age  and  are  either  pre-Cambrian  or  Paleozoic.  That  they  cannot  be  ascribed 
to  a  later  era  than  the  Paleozoic  is  rendered  plain  by  the  fact  that  they 
nowhere  intrude  into  the  Mesozoic  formations  which  cover  them  in  the  north. 

They  are  for  the  present  involved  in  the  obscurity  which  surrounds  the  age 
of  the  mica  gneiss. 

Similarly  Dr.  Mathews*  concludes  in  regard  to  the  same  region: 

From  the  fact  that  parts  of  this  igneous  complex  are  intruded  into  the  rocks 
regarded  as  Silurian  in  age,  this  activity  could  not  have  ceased  prior  to  the 
later  portion  of  the  Silurian  and  may  have  been  much  later.  That  the  intru- 
sions are  not  younger  than  Paleozoic  time  seems  to  be  an  inference  well 
supported  by  the  fact  that  they  along  with  the  sediments  partake  of  the  broad 
folding  characteristic  of  the  Appalachian  region  to  the  westward,  which  was 
probably  developed  contemporaneously  in  the  rocks  of  the  eastern  and 
western  portions  of  the  State.  Moreover,  the  sedimentaries  of  Jura-trias  time 
show  little  folding  of  this  type,  their  deformation  being  due  almost  entirely 
to  very  gentle  folds  and  small  faults  of  slight  throw. 

Mr.  Keith/*  on  the  other  hand,  considers  the  corresponding  intrusions 
of  the  Washington  (D.  C.-Md.-Ya.)  and  Cranberry  (N.  C.-Tenn.)  quad- 
rangles as  of  Arcliean  age.  The  reason  for  this  conclusion  in  the  latter 
area  is  tlius  stated: 

Many  small  bodies  of  this  formation  are  found  within  the  areas  of  the  Roan 
gneiss,  few  of  them  exceeding  a  quarter  of  a  mile  in  width  and  2  miles  in 
length.  Although  these  rocks  break  through  and  across  the  beds  of  Roan 
gneiss,  and  are  thus  seen  to  be  distinct  from  and  later  than  the  gneiss,  their 

<'Md.  Gcol.  Survey,  CVcIl  County,  1902.  pp.   103-113. 
*»  Am.  Jour.  Scl.,  Vol.  XVII,  1904,  p.  15G. 
« i:.  S.  Geol.  Survey  Folios  Nos.  70  and  90. 
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association  with  the  latter  is  close  and  marked  and  they  are  probably  of  about 
the  same  age.  In  this  quadrangle  the  soapstone  is  not  found  in  any  other 
formation.  In  areas  farther  southwest  it  occurs  sparingly  in  the  Carolina 
gneiss  as  well  as  in  the  Roan  gneiss.  Rarely  it  is  seen  also  in  the  shape  of 
included  masses  in  the  eruptive  Cranberry  granite.  It  thus  antedates  the 
latter  formation.  Its  alteration  is  as  great  as  or  greater  than  that  of  the 
Roan  gneiss  and  exceeds  that  of  the  Cranbenry  granite,  so  that  it  appears  to 
have  shared  in  the  earlier  period  of  metamorphism  which  involved  the  Roan 
and  Carolina  gneisses.  It  thus  is  classed  with  the  earliest  part  of  the 
Archean. 

It  is  obviously  unnecessary  to  suppose  that  all  facies  of  the  magma 
were  intruded  into  the  gneisses  and  crystalline  schists  at  the  same  time. 
In  fact,  it  is  evident  in  many  localities  that  thev  are  not  exactlv  con- 
temporaneous.  In  the  Buck  Creek  area,  for  instance,  the  amphibolite 
occurs  in  the  form  of  numerous  dikes  which  intersect  the  peridotites 
(PI.  V)  j  and  this  is  a  common  relation  in  other  localities  also.  And 
even  the  peridotites  are  not  all  of  one  generation,  as  shown  by  the  dike 
of  dunite  that  intersects  the  harzburgite  near  Balsam  Gap,  in  Jackson 
County  (PL  X,  A).  Suggestions  of  similar  time-relations  may  also  be 
found  in  the  occurrence  of  masses  of  dunite  side  by  side  and  under 
exactly  the  same  conditions,  so  far  as  could  be  determined,  the  one  per- 
fectly fresh  and  granular,  the  other  completely  serpentinized^  as  found 
2i  miles  east  of  Leicester,  in  Buncombe  County  (see  p.  49).  The  web- 
sterite  at  Webster  cuts  the  dunite,  and  is  much  less  altered  and  less 
laminated.  In  Maryland  both  the  peridotites  and  pyroxenites  cut  the 
gabbros  with  which  they  are  associated. 

Nevertheless  the  whole  series  is  unquestionably  to  be  regarded  as  a  unit, 
whether  intrusions  are  conceived  to  have  taken  place  more  or  less  con- 
tinuously, through  a  single  prolonged  period  of  activity,  or  whether,  as 
seems  more  probable,  there  were  two  or  more  such  periods  of  intrusion. 
It  is  evident  that  most  of  the  intrusions,  if  not  all,  occurred  before  the 
last  orogenic  movements  in  which  the  region  has  been  involved,  as  shown 
by  frequent  development  of  lamination  and  other  evidences  of  shearing 
in  these  rocks.  They  are  quite  certainly,  therefore,  of  pre-^Iesozoic 
age.  This  conclusion  is  further  substantiated  by  the  fact  that  the  perido- 
tites nowhere  cut  the  Triassic  formations  with  which  thev  are  closelv 
associated  in  some  localities.  Further,  they  nowhere  intersect  the  sedi- 
mentary series  that  has  been  called  the  "  Ocoee  "  group  in  the  southern 
Appalachians,  although  they  appear  in  many  places  in  North  Carolina 
very  near  the  borders  of  these  rocks.  Mr.  Keith,  of  the  U.  S.  Geological 
Survey,  regards  the  Ocooe  of  Xorth  Carolina  as  of  Cambrian  age;  while 
Dr.  E.  A.  Smith,  State  Geologist  of  Alabama,  reports  Carboniferous 
fossils  from  rocks  that  have  been  called  Orooe  in  that  State. 
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It  is  evident  that  sufficient  data  are  not  yet  available  for  a  satisfactory 
determination  of  the  age  of  the  peridotites.  The  close  similarity  of  the 
petrographic  conditions,  however,  throughout  the  peridotite  belt,  from 
Alabama  to  Newfoundland,  makes  it  highly  probable  that  the  periods  of 
intrusion  of  these  rocks,  whether  one  or  many,  were  practically  con- 
temporaneous for  the  whole  province.  Hence  the  great  bulk  of  these 
rocks  throughout  the  belt  belongs  to  the  first  period,  or  the  early  part 
of  a  prolonged  period  of  activity,  as  the  case  may  be;  and  these  were 
afterward  augmented  by  only  small  masses  and  dikes,  some  of  which 
intersect  the  earlier  bodies. 

It  will  be  observed  from  the  general  map  (PI.  IV)  that  the  peridotite 
belt  lies  in  a  region  of  great  disturbance  and  intense  metamorphism. 
This  fact,  together  with  its  geologic  relations  to  the  northward,  sug- 
gests the  hypothesis  that  the  principal  period  of  intrusion  was  closely 
associated  with  the  great  erogenic  movements  of  the  Taconic  revolution, 
at  the  close  of  the  Lower  Silurian  (Ordovician)  period.  Prior  to  the 
epoch  of  Appalachian  folding,  this  is  the  only  period  of  widespread  oro- 
genic  movement  that  has  thus  far  been  recognized  in  the  eastern  border 
region  of  the  continent.  The  distribution  of  these  intrusives  through  the 
belt  of  most  highly  metamorphic  rocks  from  Alabama  to  Newfoundland, 
may  well  mark  to  a  great  extent  the  axis,  or  axes,  of  most  intense  folding 
and  faulting.  Many  lenticular  masses  occupied  spaces  in  the  buckled 
and  contorted  strata,  while  here  and  there  more  extended  and  continuous 
bodies  were  formed  in  fissures.  The  later  Appalachian  disturbances,  at 
the  close  of  Carboniferous,  would  account  for  the  widespread  lamination 
developed  in  the  peridotites,  and  would  give  occasion  for  the  minor  later 
intrusions. 

The  foregoing  hypothesis  is  not  offered  as  a  final  answer  to  the  ques- 
tion of  age  of  the  peridotites.  In  view  of  the  conflicting  conclusions 
arrived  at  by  geologists  wlio  have  studied  different  parts  of  the  belt,  in- 
cluding a  range  from  earliest  Archean  to  Carboniferous,  it  is  evident 
that  much  more  painstaking  work  remains  to  be  done  before  a  satisfac- 
tory solution  of  the  problem  can  be  expected.  Nevertheless  it  is  hoped 
that  this  discussion  may  serve  somewhat  to  emphasize  the  necessity  for 
studying  the  various  portions  of  the  belt,  not  as  isolated  areas,  but  as 
parts  of  a  connected  and  widely  extended  whole. 

RELATIONS  OF  THE  SECONDARY  ROCKS. 

Both  mechanical  and  chemical  forces  have  operated  ^extensively  to  pro- 
duce secondary  rocks  from  all  the  types  enumerated,  and  the  origin  of 
the  resultant  products  cannot  always  be  satisfactorily  determined.     One 


CHAPTER  VI. 

PHYSICAL  AND  CHEMICAL  PEOPERTIES,  VARIETIES,  AND 

USES  OP  CORUNDUM. 

THE  NOMENCLATURE  OF  CORUNDUM. 

Various  names  for  corundum  derived  from  its  hardness,  color,  part- 
ing, structure,  etc.,  have  been  given  to  its  dififerent  varieties.  The  num- 
ber of  these  names  may  be  accounted  for  in  part  by  the  fact  that  early 
in  the  history  of  the  mineral  its  different  varieties  were  described  as 
different  minerals  and  it  was  not  until  the  early  part  of  the  last  centur}' 
that  they  were  all  brought  under  one  head.  The  following  names  have 
been  used  to  designate  the  different  varieties  of  this  mineral,  the  list 
being  compiled  from  Dana's  System  of  Mineralogy,  sixth  edition;  Dic- 
tionary of  the  Names  of  Minerals,  by  Chester;  Catalogue  of  Minerals 
and  Synonyms  by  Egleston ;  and  the  names  used  by  the  lapidaries. 

Names  applied  to  the  different  varieties  of  Corundum. 


Sapfhibe. 


Amethiste  orlentale. 

Anthrax,  Theophraatus. 

Apyrote. 

Asteria,  Pliny. 

Asteriated  sapphire. 

Asterie. 

Barklyite,  Stephen. 

Blue  du  roi. 

Blue  sapphire. 

Bronze  corundum  (p.  189). 

Carbunculus,  Pliny. 

Cat  sapphire. 

Chlor  sapphire. 

Corindon  hyalin,  Haiiy. 

Corindon  perfect. 

Corindon  t616sie,  Brongniart. 

Emerald. 

Emeraude. 

Emeraude  orientale. 

Green  sapphire. 


Hyacinth. 
Hyaeinthos,  Pliny. 
Hyaline. 

Jacut  (Arabian). 
Llchnis,  Pliny. 
Luehs  sapphir. 
Luchs  sapphire. 
Lychnis,  Pliny. 
Lynx  sapphire. 
Occidental  amethyst. 
Opalescent  sapphire. 
Opaline. 

Oriental  aquamarine. 
Oriental  chrysolite. 
Oriental  emerald. 
Oriental  hyacinthe. 
Oriental  peridot. 
Oriental  ruby. 
Oriental  sapphire. 
Oriental  topaz. 
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Sapphibb. — Continued. 


Orientalisk  rubin,  Wallerius. 

Pink  sapphire. 

Pearl  corundum  (p.  189). 

Ruble  ^tolle. 

Rubin. 

Rubls. 

Rubis  oriental,  Werner. 

Sagenite  corundum  (p.  190). 

Salamsteln,  Werner. 

Salamstone. 

Saphir,  Werner. 

Saphir  asteria. 


Saphir  blanc. 

Saphir  de  chat. 

Saphir  6tolle. 

Sapphire. 

Sapphlrus,  Wallerius. 

Spath  adamantine,  Delameth. 

Star  sapphire. 

Star  stone. 

T616sla,  Haiiy. 

T616sie,  Haiiy. 

White  sapphire. 

Yellow  sapphire. 


COBUNDUM. 


Adamant,  Kirwan. 

Adamantine  spar,  Kirwan. 

Adamas  slderltes,  Pliny. 

Alumina. 

Anthrax. 

Armenian  stone  (King). 

Corindon,  Haiiy. 

Corindon  adamantine,  Brongniart 

Corindon  harmophane,  Haiiy. 

Corivendum. 

Corivindum,  Woodward. 

Corundite. 

Corundum,  QreviUe. 

Corundurnite. 


Demantspath,  Klaproth. 

Diamond  spar. 

Gyrasola,  Kirwan. 

Hard  spar. 

Imperfect  corundum,  QreviUe-Bour- 

non. 
Karund,  Hind. 
Korund,  Werner. 
Kurund,  India. 

Rhombohedral  corundum,  James. 
Rhombohedrlscher  corund,  Mohs. 
Solmonlte. 

Spath  adamantine.  Delameth. 
Thonerlde. 


Emery. 


Acone  ex  Armenlas,  TheophrastiLS. 

Armenian  stone. 

Corldon  granuleux,  Haiiy. 

Emerl. 

Emerll,  Haiiy. 

Emerite,  Shepard. 

Emery. 

Fer  oxyde  quartzlfere,  Haiiy. 

Granular  corundum. 

Grinding  spar. 

Naxlum,  Pliny. 


Naxlum  ex  Armenia,  Pliny. 

Pyrites  vivus,  Pliny. 

Schmergel. 

Schmlrgel. 

Smergel,  Wallerius. 

Smirgel. 

Smirls,  Agricola. 

Smirls  ferrea,  Wallerius. 

Smyris,  Agricola  and  Disscorides. 

Spinel  emery  (p.  193). 


At  the  beginning  of  the  last  century,  in  1805.  Haiiy  first  formally 
united  these  different  varieties  under  the  one  head  of  corundum  for  the 
species.  At  the  present  time  there  are  three  names  recognized  in  the 
arts  for  the  three  main  varieties,  depending  on  purity,  state  of  crystalli* 


164      CORUNDUM  AND  PBRIDOTITES  OF  WESTERN  NORTH  CAROLINA. 

zation,  and  structure.     These  subdivisions  are  (1)  sapphire,  (2)  corun- 
dum, and  (3)  emery. 

1.  Sapphire. — Under  this  head  are  included  all  the  highly  colored 
varieties  of  corundum,  which  are  transparent  to  translucent  and  are  of 
value  as  gems  (see  p.  177). 

2.  Corundum, — This  variety  includes  all  those  of  dark  and  dull  colors 
and  also  the  massive,  lighter  colored  varieties  that  are  not  transparent, 
as  the  blue  to  gray,  brown,  and  white.  All  corundum,  except  emery, 
that  is  not  valuable  for  gems  is  brought  under  this  head.  (For  further 
description  see  p.  190). 

3.  Emery, — Included  under  this  variety  is  the  intimate  mixture  of 
very  fine,  granular  corundum  with  magnetite  and  sometimes  with 
hematite.  The  ore  in  appearance  is  very  similar  to  a  fine-grained  iron 
ore,  with  which  it  was  at  first  often  confused.  A  full  description  of 
emery  is  given  on  page  192. 


CRYSTALLINE  STRUCTURE. 

Corundum  crystallizes  in  the  rhombohedral  group  of  the  hexagonal 
system,  in  which  the  fundamental  rhombohedron  differs  but  very  little 

in  angle  from  that  of  the  cube.  There 
is  considerable  variation  in  the  type  of 
the  crystals  from  the  different  localities, 
but  in  their  common  development  they 
usually  show  the  forms  of  the  prism 
and  pyramid  of  the  second  order, 
a  (1120)  and  n  (2243),  in  combination 
with  the  base,  d  (0001)  and  the  rhom- 
bohedron, r (1011). 

There  are  two  common  types  of  crys- 
tals ;  one,  prismatic,  in  which  the  prism, 
a  (1120),  is  the  prominent  form,  which 
is  sometimes  terminated  simply  by  the 
base,  c  (0001)  (fig.  8),  and  again  by 
the  base  and  rhombohedron  r  (1011) 
(PI.  XVI,  fig.  3),  or,  by  the  base,  rhom- 
bohedron and  pyramid,  n  (2243) 
(PI.  XVI,  fig.  7);  the  others  are 
flat-tabular  crystals,  in  which  the  basal  plane  is  the  prominent  form 
and  which  are  (Jften  simply  a  combination  of  the  base  and  the  rhombo- 
hedron (PI.  XVI,  fig.  2),  or  of  the  base  and  the  prism  (fig.  9),  or  a 
combination  of  the  two  (PL  XVI,  fig.  4). 


Fig.  8. — Prismatic  corundum  crystal 
terminated  by  base. 
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Pyramidal  crystals,  in  which  the  pyramid  of  the  second  order,  n 
(2243),  is  the  most  prominent  form,  are  common  in  but  few  localities; 
these  are  represented  by  fig.  10  and  PI.  XYI,  fig.  8.  The  more  compli- 
cated forms  of  crystals,  fig.  11,  are  rarer  and  it  is  the  simple  crystals  that 
are  the  most  often  observed. 


Fio.  9. — Tabular  corundum  crystal, 
Btaowing  base  and  prism. 


Fio.  11. — Rarer  form  of 
corundum  crystal. 


Fio.  10. — Pyramidal  crystal  of 
corundum  from  Ceylon. 


The  height  of  the  vertical  axis  is  c  =  1.363. 

The  following  forms  have  been  observed  in  corundum 

base. 

prism,  first  order, 
prism,  second  order, 
di-hexagonal  prism, 
one-fifth  rhombohedron. 
one-third  rhombohedron. 
one-half  rhombohedron. 
unit  rhombohedron. 
three-halves  rhombohedron. 
seven-halves  rhombohedron. 
seven  rhomboliedron. 
minus-one  rhombohedron. 
minus-two  rhombohedron. 
minus-seven-halves  rhombohedron. 


c 

(0001), 

m 

(1010), 

a 

(1120), 

f 

(7180), 

y 

(1015), 

8 

(1013), 

d 

(1012), 

r 

(1011), 

X 

(3082), 

b 

(7072), 

q 

(7071), 

n 

(0111), 

s 

(0221), 

/8 

(0772), 
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2245),  pyramid,  second  order. 
2243), 

7  714  9),     " 

1121), 

7  714  6),     " 

4483),     pyramid,  second  order. 

11 11  22  6),  " 

2241), 

7  714  3), 

8  816  3), 
4481), 

1414  28  3),  " 

4265),  di-hexagonal  pyramid. 
3254), 
2  810  9), 
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« 
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In  the  following  table  a  list  of  the  more  common  angles  of  corundum 
are  given,  which  have  been  calculated  from  the  fundamentals  of  Miller.* 

c/\a  =90°. 
cAm  =  90°. 
cM  =  38°  12'. 
cAr  =  57°  34'  8". 
cAx  =  67°  3'. 
cAs   =72°  22' 30". 
cAn  =61°  11'. 
cAv   =74°  37'. 
cAz   =79°  36'. 
wAm=60°. 
aAa  =60^ 
aAr   =43°  2'. 
a  As   =34°  22' 30". 
rA/  =  93°  56'. 
sAs'  =111°  15'. 
nAn'  =  51°58'. 
vAv'  =57°  38' 30". 
zAz'  =  58°  55'. 

Where  the  crystals  are  small  they  are  usually  well  developed,  with 
smooth  faces  and  sharp  edges,  the  larger  crystals  are  rough,  striated,  often 


^MlD.  1852,  p.  242;  and  Dana  Mineralogy,  6th  ed.,  1892,  p.  211. 
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rounded,  and  taper  slightiy  toward  the  end  like  a  barrel,  so  that  they  are 
sometimes  called  "barrel  corundum." 

The  basal  plane  often  shows  characteristic  striations  which  are  par- 
allel to  three  intersections  of  the  base,  c,  and  the  rhombohedron,  r,  as 
shown  in  PI.  XVI,  fig.  5.  The  lines  are  often  very  sharp  and  distinct, 
especially  on  the  flat  tabular  crystals.  Then  again,  the  basal  plane  is 
marked  by  a  series  of  concentric  bands  of  inclusions  forming  regular 
hexagons  whose  sides  are  parallel  to  the  edges  of  the  base,  c,  on  the  prism 
of  the  second  order,  a,  as  represented  in  fig.  8.  These  hexagonal  mark- 
ings vary  considerably  in  size,  distinctness,  and  regularity,  and  have  been 
observed  on  many  varieties  of  corundum.  Sometimes  the  base  is  divided 
into  sections  by  lines  radiating  from  a  point  at  the  center  to  the  edges 
of  base,  c,  on  to  the  prism,  a.  Very  rarely  where  this  zonal  structure 
has  been  observed  but  one  hexagon  is  to  be  seen  on  any  basal  section  cut 
from  the  crystal  and  the  diameter  of  the  hexagon  grows  less  as  the  center 
of  the  crystal  is  approached,  where  they  terminate  in  a  point.  From  the 
center  to  the  opposite  end  of  the  crystal  the  reverse  is  true.  This  pecu- 
liar arrangement  of  inclusions  is  well  shown  in  some  of  the  rubies  from 
Cowee  Creek,  Macon  County,  and  is  represented  in  fig.  12.  This  arrange- 
ment of  inclusions  is  similar  to  that  of  the  carbonaceous  material  observed 
in  the  staurolite  near  Grafton,  New  Hampshire.* 

Twin  crystals. — The  common  twinning  plane  that  has  been  identified 
is  parallel  to  the  rhombohedron,  r  (1011).  Penetration-twins  have  been 
observed,  but  they  are  not  at  all  common  (see  fig.  24,  p.  208).  The  twin- 
ning that  is  most  prominent  on  corunducd  is  polysynthetic,  that  is  the 
twinning  has  been  repeated  forming  a  series  of  plates  or  lamellae  in  twin 
position.  This  style  of  twinning  often  produces  a  laminated  structure 
and  sometimes  it  gives  rise  to  a  surface  which  is  distinctly  striated,  which 
consists  of  minute  reentrant  and  salient  angles.  This  twinning  also  pro- 
duces the  rhombohedral  parting  described  below. 

Recently  *  a  new  twinning  plane  has  been  identified  in  corundum  which 
is  parallel  to  the  base  c  (0001).  The  crystals  in  which  this  twinning 
plane  is  developed  were  gray  and  ruby-red  in  color,  and  have  been  found 
sparingly  in  the  Ruby  mine  at  Caler  Fork  of  Cowee  Creek,  Macon  County, 
N.  C.  They  were  first  observed  by  Mr.  W.  E.  Hidden  and,  as  stated  by 
him,  the  two  best  crystals  measured  6  mm.  in  diameter  and  length. 
They  are  characterized  by  reentrant  angles  (n,  2243)  on  the  prismatic 

«Am.  Jour.  Scl.,  3d  ser.,  Vol.  XLVII.  1894,  p.  83. 
•Wmiam  B.  Hidden,  Am.  Jour.  Scl.,  Vol.  XIII.  1902,  p.  474. 


168      COEUNDUH  AND  PEBID0TITE8  OF  WEBTEBN  NOBTH  OABOLIHA. 


faces  (a,  1120)  and  some  slight  natural  corrosion.     This  type  of  twin- 
ning ia  represented  in  fig.  13,' 


^-U 

!-  7\ 

1 

a 

'^fiss 

h 

What  was  considered  by  the  earlier  mineralogists  to  be  a  cleavage  in 
conindnm  bae  been  shown  to  be  a  parting  produced  by  the  action  of 
mechanical  or  chemical  forces  or  perhaps  of  botii  acting  together.  As 
early  as  1802,"  the  Count  de  Boumon  had  pointed  out  that  certain  cor- 
unduma,  especially  sapphires,  did  not  show  any  cleavage,  but  broke  with 
a  conchoidal  to  splintery  fracture.  Prof.  J.  W.  Judd'  has  shown  that 
unaltered  corundum  does  not  exhibit  any  trace  of  cleavage. 

There  are  three  crystallographic  planes  along  which  parting  has  been 
observed : 

I.  Parting  has  been  observed  parallel  to  the  base,  c  (0001),  Pro- 
fessor Judd  says : 

That  this  basal  plane  la  a  solution  plane  of  corundum  is  ahi>wn  by  tb«  fact 
that  the  crystals  from  Burmab  and  other  localities  which  have  undergone 
partial  conversion  Into  dlaapore  and  hydrous  silicates,  exhibit  a  remarkable 
step-like  structure  (resembling  that  of  the  "  Babel  quartz  "  on  a  very  minute 
scale),  showing  that  the  chemical  disintegration  of  the  crystal  has  been 


*  Reprodaced  from  tgate  by  Mr.  John  C.  Blalie  of 
'  DescrlptloD  of  the  Corundum  Stone  Bnd 
pp.  233-32G. 

•Uln.  Mag.,  Vol.  Xt,   189S,  p.  GO. 
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governed  by  the  existence  of  these  solution  planee.  This  fact  Is  beautifully 
Illustrated  In  the  fine  ruby  presented  to  the  British  Museum  by  Mr.  Ruskto, 
which  exhibits  the  shaly  structure  due  to  corrosion  and  the  natural  etched 
figures  In  a  very  striking  manner.  I  have  no  doubt  that  this  fine  rub;  came 
from  Burmah,  and  many  small  specimens  which  I  have  examined  from  the 
same  locality  exhibit  similar  characters.  As  In  the  case  of  murcblsonite  and 
dlallage,  the  multiplication  o(  cavities  along  certain  planes  gives  rise  to  a 
plane  of  weakness  or  a  parting  scale  In  the  crystal  along  which  it  readily 


The  basal  parting  plane  often  shows  a  pearly  or  sometimes  submetallic 
luster,  which  is  decidedly  different  from  the  vitreous  to  adamantine  luster 
of  the  crystal  faces. 


This  basal  parting,  although  perfect  for  a  portion  of  tlie  crystal,  may 
be  interrupted  and  its  continuation  will  be  stepwise  along  a  nearly  paral- 
lel plane.  In  general,  crystals  cannot  be  broken  info  plates  with  parallel 
faces  aa  would  be  the  case  if  the  mineral  possoesed  cleavage. 

II.  The  parting  planes  parallel  to  the  unit  rhombohedron  r  (1011), 
are  twinning  planes  of  corundum,  and  there  is  reason  to  believe  that  this 
lamellar  twinning  of  corundum  has  been  caused  by  pressure.  It  has 
been  observed  that  a  crystal  without  this  rhombohedral  parting  may  be 
destitute  of  any  lamellar  atroeture;  or,  as  Tschermak  has  pointed  out, 
these  may  be  developed  on  two  of  the  rhombohedral  planes  and  almost 
or  entirely  lacking  on  the  third. 

III,  A  third  parting  plane,  which  is  parallel  to  the  prism  a  (1120), 
is  seldom  observed  by  the  actual  breaking  of  the  corundum  crystals; 
but  can  be  seen  in  thin  sections  under  the  microscope.  It  is  best  seen 
in  the  corundum  from  the  Chentilun  Hills,  in  Sinm. 

Of  these  three  partings,  II,  which  is  parallel  to  the  rhombohedron,  is 
the  only  one  that  follows  a  twinning  plane  of  eomndum.     The  striations 
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observed  on  conmdum  crystals,  which  are  due  to  parting,  are  shown  in 
figs.  14  and  14a.  The  parting  planes  developed  on  the  corundum  inter- 
fere materially  with  the  production  of  the  commercial  corundum.  Many 
corundums  which  exhibit  this  parting  in  the  larger  fragments  soon 
begin  to  break  with  irregular  fracture,  so  that  only  the  higher  numbers 
of  the  commercial  corundum  (coarser  grades)  show  any  traces  of  this 
parting  in  them.  In  some  the  parting  is  so  developed  that  even  in  the 
finer  numbers  particles  of  corundum  still  show  parting,  which  diminishes 
greatly  their  cutting  quality  or  efficiency.  In  crushing  ore  in  which 
the  parting  is  developed  to  this  extent  a  great  deal  of  fine  powder  called 
flour  corundum  is  produced,  causing  a  waste  of  considerable  material. 

If  this  parting  is  developed  in  corundum  that  has  been  made  into  a 
wheel,  its  cutting  power  is  greatly  reduced;  for  when  the  wheel  is  in 
use,  the  corundum  grains,  instead  of  breaking  with  an  irregular  frac- 
ture and  producing  a  cutting  edge,  split  along  the  planes  of  parting  and 
the  wheel  crumbles  away  too  rapidly. 

FRACTURE. 

As  has  been  said,  the  unaltered  corundum  does  not  show  the  develop- 
ment of  these  parting  planes,  but  breaks  with  an  irregular  to  conchoidal 
fracture.  It  is  this  irregular  fracture  of  corundum  that  is  one  of  the 
factors  in  determining  its  value,  and  that  is  necessary  to  produce  the 
best  cutting  and  most  durable  edge  on  the  grains  of  corundum.  If,  how- 
ever, the  parting  planes  are  developed,  the  corundum  will  break  along 
these,  since  they  offer  the  least  resistance. 

hardness: 

Xext  to  the  diamond,  corundum  is  the  hardest  mineral  known;  but 
the  hardness  varies,  although  but  slightly,  in  the  diflferent  varieties. 
The  hardness  usually  ascribed  to  corundum  is  9,  which  is  that  of  the 
blue  sapphire  variety,  but  not  all  corundums  reach  this.  The  ruby  is 
slightly  less,  ranging  from  8.8  to  about  9. 

In  emery  it  is,  of  course,  the  conmdum  that  gives  it  its  high  degree 
of  hardness,  even  though  the  grains  of  corundum  themselves  cannot  be 
distinguished. 

The  hardness  of  corundum  must  not  be  confused  with  its  abrasive 
efficiency,  for  while  most  corundums  differ  but  slightly  in  hardness, 
there  is  often  a  great  difference  in  the  amount  of  abrasive  work  that  they 
are  able  to  do.     The  hardness  represents  the  resistance  offered  by  the 
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corundum  to  abrasion  or  to  scratching  by  other  substances  and  also  its 
ability  to  scratch.  Any  fragment  of  corundum  that  is  entirely  free 
from  alteration  or  decomposition  will,  when  tested  as  to  its  hardness,  be 
found  to  be  close  to  9,  and  will  scratch  any  of  the  minerals,  except  the 
various  varieties  of  corundum  and  the  diamond.  This  same  material, 
however,  may  have  a  cutting  efficiency  that  is  very  much  below  that  of 
another  corundum  whose  hardness  is  just  the  same. 

ABRASIVE  EFFICIENCY. 

The  abrasive  efficiency  of  a  corundum  is  dependent  upon  the  degree 
to  which  its  particles,  when  it  is  in  use,  break  and  wear  away  so  that  new 
cutting  edges  are  kept  exposed,  instead  of  becoming  rounded.  This 
efficiency  is  measured  by  the  amount  of  abrasion  effected  upon  a  given 
surface  in  a  given  time. 

Many  experiments  of  various  kinds  have  been  made  to  measure  the 
abrasive  efficiency  of  conmdum,  but  it  is  becoming  apparent  that  the 
only  safe  way  to  determine  its  cutting  power  is  to  have  it  made  up  into 
wheels  and  to  test  them  as  if  they  were  in  actual  use. 

A  method  that  has  been  in  vogue  for  many  years,  for  measuring  the 
abrasive  efficiency  of  corundum  is  that  described  by  Dr.  J.  Lawrence 
Smith.^  ,A  weighed  amount  of  the  mineral  is  ground  to  an  impalpable 
powder  on  a  weighed  glass  plate  by  means  of  an  agate  surface.  The 
loss  in  weight  of  the  glass  plate  is  considered  the  measure  of  the  abra- 
sive efficiency  of  the  corundum,  which  was  designated  by  Dr.  Smith  as 
the  "  effective  hardness." 

In  the  following  table  are  given  the  effective  hardnesses  as  determined 
by  him  for  many  foreign  corundums  and  emeries : 

Smith's  table  of  hardnesses  of  corundums  and  emeries. 

Corundum.  Emery. 

Sapphire  (blue)  of  India 100  Kulall    57 

Ruby  of  India  90  Samos   56 

Corundum,  Asia  Minor  77  Nicarla   56 

Nicaria    65  Kulall    53 

Asia     60  Naxos    46 

India   58  Nicaria     46 

Asia     57  Naxos    44 

India     55  Ephesus    42 

Prof.  W.  H.  Emerson '  has  made  a  series  of  experiments  upon  the 
abrasive  officiencv  of  corundum  accordincr  to  the  method  described  bv 

^Am.  Jour.  Scl.,  2d  ser.,  Vol.  X,  1850,  p.  362. 

•Trans.  Am.  Inst.  Mln.  Eng.  Vol.  XX,  1899,  Feb.  meeting. 
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Smith,  in  which  the  loss  in  weight  of  the  glass  plate  divided  by  the  weight 
of  the  corundum  is  taken  as  the  abrasive  eflSciency.  A  series  of  experi- 
ments was  also  made  by  the  following  method : 

A  shallow  brass  box  was  fitted  to  the  top  of  the  rotating  spindle  of  a  centri- 
fugal machine  so  that  the  bottom  should  be  horizontal.  A  steel  plate  ^  inch 
thick  and  5  inches  in  diameter  was  placed  in  this  and  wedged  tight.  The 
test-piece  of  corundum,  a  small  cylinder  %  inch  in  diameter  and  about  0.8  inch 
long,  made  by  cementing  corundum  powder,  was  pressed  upon  the  surface  of 
the  plate  with  the  weight  of  3.25  pounds,  and  the  plate  was  rotated  with  a  speed 
of  300  revolutions  per  minute.  The  test-piece  was  moved  at  intervals  so  as 
to  grind  nearly  the  whole  surface  of  the  plate.  At  the  expiration  of  a  certain 
time  the  plate  and  test-piece  were  weighed,  and  the  loss  of  weight  of  the  plate, 
divided  by  the  loss  of  weight  of  the  test-piece  was  taken  as  the  efficiency  of 
the  corundum. 

In  the  table  below,  the  results  are  given  as  determined  by  both 
methods : 

Results  of  testa  of  abrasive  efficiency  of  corundums. 

By  By 

l/ocality.  Smith's  Emerson's 

Method.  Method. 

1.  Transylvania  County,  N.  C .326 

2.  Acworth,  Ga.   (4)  .207  (1)  24.5 

2a.       "            "     ...  22.8 

3.  Iredell  County,  N.  C ...  13.7 

3a.      "           "            "       15.8 

4.  Macon  County,  N.  C (3)  .309  •  (4)  16.4 

4a.      "           "            "       ...  18.1 

5.  Sapphire,  N.  C (2)   .311  (2)  22.9 

5a.       "              "       ...  16.3 

6.  Laurel  Creek,  Ga (1)  .409  (3)  22.0 

7.  Track  Rock,  Ga .274 

8.  Towns  County,  Ga .255 


■  • 


Other  experiments  were  made  by  Emerson,  in  which  the  method  was 
slightly  different,  but  there  was  always  considerable  variation  in  the 
results  obtained.  These  results  are  not  accurate,  and  it  is  not  probable 
that  they  represent  even  approximately  the  relative  abrasive  eflficiency 
of  the  materials  tested.  As  was  stated  before,  the  onlv  satisfactory  wav 
to  determine  the  relative  abrasive  efficiency  of  different  corundums  is  to 
make  them  into  wheels  of  the  same  size  and  composition — whether  vit- 
rified, chemical,  or  cement — and  to  test  each  of  these  wheels  bv  its 
abrasive  action  on  a  different  part  of  a  piece  of  steel  of  uniform  hard- 
ness, the  wheels  to  be  mounted  on  the  same  machine  and  to  make  the 

*This  test  was  varied  slightly  from  the  regular  Smith  method. 
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same  number  of  revolutions  per  minute;  the  bond  of  the  wheel  and  the 
grain  of  corundum  to  be  made  as  nearly  uniform  as  possible. 

It  has  been  thought  by  many  that  the  water  contained  in  many  of  the 
corundums  lowered  their  abrasive  efficiency  and  that  this  efficiency 
could  be  calculated  by  making  a  determination  for  water;  but  while  the 
water  content  of  a  corundum  does  undoubtedly  affect  its  abrasive  effi- 
ciency, the  determination  of  this  water  would  not  permit  of  any  accu- 
rate estimation  of  the  abrasive  efficiency. 

In  the  following  tables  are  given  the  percentage  of  water  and  the 
relative  abrasive  efficiency  of  certain  corundums  as  determined  by 
Emerson's  and  Smith's  methods: 

Emerson  Method. 

No.  2.      No.  5.      No.  6.      No.  4.      No.  3. 

Abrasive  efficiency    24.5  22.9  22.0  18.1  15.8 

Water,  per  cent  2.89  .53  .77  .78  .45 

Smith  Method. 

No.  6.    No.  1.     No.  5.     No.  7.   No.  8.    No.  2. 

Abrasive  efficiency 409        .326        .311        .274        .255        .207 

Water,  per  cent 77  .40  .53  .72        1.17        2.89 

• 

It  will  be  seen  from  those  tables  that  the  difference  in  abrasive  power 
is  not  at  all  dependent  upon  the  amount  of  water  that  enters  into  the 
composition  of  the  corundum.  Where,  however,  there  has  been  an 
alteration  of  the  corundum  into  hydrous  oxides,  as  diaspore,  the  abrasive 
efficiency  will  be  lowered  according  to  the  percentage  of  the  alteration. 
The  abrasive  efficiency  of  a  corundum,  instead  of  depending  upon  its 
chemical  composition,  probably  depends  upon  its  physical  structure  or 
composition.  As  a  result  of  a  series  of  experiments  made  to  test  the 
abrasive  efficiency  of  various  corundums,  emeries,  and  other  abrasives, 
which  were  in  the  form  of  wheels  constructed  of  these  materials,  Mr. 
Cliarles  N.  Jenks"  gives  the  corimdum  from  Sapphire,  Jackson  County, 
North  Carolina,  the  highest  abrasive  efficiency,  and  that  of  Corundum 
Hill,  Macon  County,  and  of  Laurel  Creek,  Kabun  County,  Georgia,  next 
highest.  Of  the  emeries  (of  which,  as  has  been  said  before,  it  is  the 
corundum  tliat  determines  the  cutting  power)  the  Chester  emery  was 
shown  to  have  a  higher  abrasive  efficiency  than  tlio  Turkish,  whicli  comes 
next,  or  the  Naxos  emery. 

"Sd.  Am.  Supplement,  No.  988.  Dec.  8,  1894. 
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When  made  up  into  wheels  some  varieties  of  conindum  do  not  show 
as  high  cutting  eflBeieney  as  some  of  the  emeries;  for  while  the  conin- 
dimi  wheel  at  the  start  cuts  much  more  rapidly  than  the  emery  wheel, 
the  grains  quickly  become  rounded  and  the  wheel  is  soon  unfit  for 
further  use,  so  that  its  total  cutting  eflSciency  is  much  below  that  of  the 
emery  wheel. 

Experiments  made  according  to  the  method  described  by  Dr.  J.  Law- 
rence Smith  show  that  the  blue  sapphire  corundum  has  the  highest  cut- 
ting power,  and  this  is  often  reckoned  as  the  standard,  with  an  abrasive 
efficiency  of  100,  the  cutting  power  of  the  others  being  rated  according 
to  this.  All  of  the  transparent  corundums,  of  whatever  color,  which 
show  no  parting  planes,  except  to  a  very  slight  degree,  are  very  close  to 
100  in  abrasive  efficiency;  but  the  non-transparent  varieties  and  those 
in  which  parting  is  considerably  developed  are  very  low  in  abrasive  power. 

A  long  series  of  experiments  on  the  various  corundums  made  up  into 
wheels,  and  on  steel  and  iron  of  different  hardness  will  be  necessary 
before  even  an  approximately  accurate  table  of  their  abrasive  efficiency 
can  be  made.  It  must  be  borne  in  mind  that  the  structure  of  the  ma- 
terial to  be  abraded — that  is,  soft  or  hard,  granular  or  stringy,  etc. — is 
a  factor  in  determining  what  abrasive  is  best  suited  for  particular  work. 
Thus,  in  some  instances,  garnet  will  do  better  work  than  the  best  cor- 
undum. 

SPECIFIC  GRAVITY. 

The  specific  gravity  of  corundum  is  about  4,  varying  from  3.95  to- 
4.10.  Its  high  specific  gravity  affords  a  means  of  recognizing  it  in  the 
field,  for  few  of  the  non-metallic  or  light-colored  minerals  are  as  heavy 
as  this,  and  none  of  these  is  likely  to  be  found  in  the  conmdum  regions. 

LUSTER  AND  COLOR. 

Tlie  luster  of  corundum  is  adamantine  to  vitreous,  while  that  of 
emery  is  metallic  to  submetallic.  On  the  basal  surface  of  corundum  the 
luster  is  sometimes  pearly. 

Corundum  occurs  in  a  great  variety  of  colors:  ruby-red  to  rose  and 
all  intervening  shades,  pink,  sapphire  blue,  dark  blue  to  pale  blue,  emer- 
ald green  and  various  other  shades  of  green,  violet  to  purplish,  yellow  of 
various  shades,  brown,  gray,  black,  and  some  is  colorless.  Frequently 
there  is  a  mottling  and  also  an  alternation  of  colors,  the  alternation 
appearing  in  bands  parallel  to  the  base  or  in  concentric  hexagonal  layers. 
Occasionally  one  end  of  a  crystal  is  of  one  color,  the  opposite  end  is  of 
another,  and  the  middle  portion  nearly  colorless,  this  being  especially 
true  of  tlie  gem  corundum  found  at  Corundum  Hill,  Macon  County,  N.  C. 
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OPTICAL  PROPERTIES. 

Pleochroism — that  is,  the  property  by  whicli  a  crystal  shows  different 
colors  when  light  passes  through  it  in  different  directions — is  very 
strongly  marked  in  the  deep  colored  varieties  of  corundum,  especially 
sapphires  and  rubies.  For  instance,  the  ruby  shows  a  deep-red  color 
when  viewed  in  the  direction  of  the  vertical  axis  and  is  much  lighter  in 
color  when  viewed  at  right  angles  to  this.  By  means  of  this  property 
corundum  gems  are  readily  distinguished  from  spinel,  garnet,  and  other 
gem  minerals. 

The  action  of  the  Roentgen  or  X-rays  upon  corundum  gems,  as  mby 
and  sapphire,  is  another  means  of  distinguishing  them  from  other  miner- 
als that  resemble  them,  and  from  artificial  stones.  The  corundum  gems 
allow  these  rays  to  pass  through  them  freely;  the  diamond  allows  ten 
times  more  to  pass.  Dr.  Doelter  "  has  arranged  the  minerals  into  the  fol- 
lowing groups,  according  to  their  resistance  to  the  passage  of  the  X-rays, 
the  diamond  allowing  the  rays  to  pass  through  it  the  most  freely : 

1.  Diamond.  5.  Rock  salt. 

2.  Corundum.  6.  Calcite. 

3.  Talc.  7.  Cerussite. 

4.  Quartz.  8.  Realgar. 

Corundum  is  usually  uniaxial,  with  negative  double  refraction;  but 
some  varieties  have  been  found  that  are  abnormallv  biaxial.  The  mean 
index  of  refraction  is  high,  being  about  1.765.  Tlie  double  refraction 
is  only  .008  to  .009  or  about  the  same  as  quartz.  For  the  indices  of  re- 
fraction, see  table  on  page  179. 

CHEMICAL  COMPOSITION  OF  CORUNDUM. 

Theoretically  pure  corundum  consists  of  alumina  only  (AljOg),  but 
with  few  exceptions  all  the  specimens  examined  contain  also  other  chemical 
compounds,  the  principal  ones  being  silica  (SiO.),  water  (HjO),  and 
ferric  oxide  (FeoOg).  Nearly  all  corundums  contain  water,  which  varies 
in  amount  from  a  trace  to  2  per  cent  or  more.  Where  silica  and  ferric 
oxide  occur  tlieir  amoimts  also  vary.  Some  specimens  show  none  of  those ; 
others  show  as  high  as  5  per  cent  of  one  or  the  other.  Of  course  these 
statements  do  not  apply  to  emery,  which  is  a  mechanical  mixture  of  cor- 
undum and  magnetite;  but  they  do  apply  to  corundum  separated  from 
the  mixture,  and  the  impurity  in  this  corundum  is  usually  ferric  oxide. 

"  Mltth.   des   Naturwissenschnftllcher   Verelns   f.    Steiermark,   Jahr,    1895 ;    Mar.   26, 
1896 ;  and  Mineral  Research,  U.  S.,  1895-96.  U.  S.  Geol.  Survey,  p.  922. 
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The  purest  known  fomw  of  corundum  are  the  transparent  crystallized, 
or  what  might  be  called  the  sapphire  or  gem  varieties. 

The  various  colors  of  corundum  have  been  attributed  to  different 
chemical  compounds  that  occur  in  it  in  traces  or  very  small  amounts; 
but  as  far  as  can  be  discovered  from  the  examination  of  the  analvses, 
there  is  nothing  to  indicate  that  the  color  is  due  to  the  presence  of  cenain 
chemical  components  aside  from  the  alumina  in  the  corundum.  On  com- 
paring various  analyses,  they  are  found  to  be  very  similar,  their  differ- 
ences consisting  of  variations  in  the  percentages  of  the  several  con- 
stituents rather  than  variation  in  the  constituents  themselves.  In  many 
of  the  corundum  specimens,  especially  of  the  sapphire  or  gem  variety,  we 
find  two,  three,  or  more  colors  in  the  same  specimen.  It  is  probable 
that  the  various  colors  observed  are  not  due  to  the  influence  of  any  trace 
of  some  chemical  constituent  in  the  corundum,  but  to  some  physical 
phenomenon. 

In  the  following  table  a  few  analyses  are  given  of  both  American  and 
foreign  corundums: 

Analyses  of  Corundum. 

Al^    FejO,      SIO,       H,0  'g^SidSll^   '^^^• 


Locality. 

Hastings  County,  Ontario.  96.92 

Sapphire  from  India 97.51 

Ruby  from   India 97.32 

Corundum  Hill  mine,  N.  C.  98.79 
Laurel  Creek  mine,  Oa. . .  95.51 


2.43     1.36 


1.89 

0.80 

•   •   • 

1.09 

1.21 

•  •   • 

0.75 

0.90 

0.78 

0.88 

1.45 

0.74 

ToUl. 

Analyst. 

100.71 

Wells. 

100.20 

Smith. 

99.62 

Smith. 

101.22 

Emerson. 

98.58 

Emerson. 

In  the  above  analyses  the  material  used  was  pure  and  not  commercial 
corundum,  which  contains,  besides  this  mineral,  var}'ing  quantities  of 
other  alumina  and  iron  minerals.  In  analyzing  a  commercial  corundum, 
the  percentage  of  alumina  found  does  not  indicate  the  percentage  of  cor- 
undum in  the  sample,  for  all  the  other  minerals,  such  as  spinel,  amphi- 
bole,  pyroxene,  chlorite,  garnet,  etc.,  that  may  be  in  the  sample  contain 
more  or  less  alumina,  and  this  would  be  included  in  the  percentage  ob- 
tained. To  determine,  therefore,  the  percentage  of  corundum  in  a  sam- 
ple, it  must  be  directly  separated  from  the  rest  of  the  minerals  that  are  a 
part  of  the  sample.  A  number  of  serious  errors  and  misleading  state- 
ments have  been  made  regarding  a  commercial  corundum,  by  estimating 
the  amount  of  corundum  by  the  percentage  of  alumina  obtained  in  the 
chemical  analysis.  Such  an  estimate  might  rate  the  sample  altogether  too 
high.  This  mistake  has  been  made  in  regard  to  emery  from  near  Peeks- 
kill,  N.  Y.,  described  on  page  236.  In  this  emery  there  is  sometimes  a 
larger  percentage  of  spinel  than  of  corundum,  but  in  the  chemical  analysis 
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of  the  commercial  product  the  percentage  of  alumina  would  not  be  very 
much  below  a  good  emery,  for  the  mineral  spinel  contains  nearly  72  per 
cent  of  alumina.  The  abrasive  efficiency  of  such  an  emery  would  be 
considerably  lower  than  that  of  a  true  emery,  as  the  cutting  power  of  the 
spinel  is  much  lower  than  that  of  the  corundum. 

DETERMINATION  OF  CORUNDUM  IN  AN  ORE. 

The  following  method  has  been  used  to  advantage  in  the  determina- 
tion of  corundum  in  an  ore.  The  material  is  crushed  in  an  iron  mortar 
to  pass  through  a  14-me8h  sieve  and  sampled.  Two  grams  of  the  ma- 
terial are  taken  and  treated  with  concentrated  hydrochloric  acid  on  the 
water  both  for  two  hours.  The  residue  is  then  filtered  off,  dried,  and 
fused  one-half  hour  with  6  grams  of  sodium  carbonate  mixture  (two 
parts  NajCOj,  one  part  KjCO,)  in  a  platinum  crucible  over  an  ordinary 
Bunsen  burner.  The  fused  mass  is  extracted  with  hot  water,  and  the 
solution  decanted  through  a  filter.  The  residue  is  treated  with  a  large 
excess  of  dilute  hydrochloric  acid,  and  this  solution  is  decanted  through 
the  same  filter.  The  filter  paper  is  dried  and  ignited  in  a  platinum 
dish,  the  residue  from  treatment  with  hydrochloric  acid  is  added  to  the 
dish,  and  the  whole  is  treated  with  an  excess  of  concentrated  hvdrofluoric 
acid.  The  excess  of  hydrofluoric  acid  is  evaporated  off  on  the  water  bath, 
the  residue  treated  with  hot  water,  and  finally  transferred  to  an  ashless 
filter  paper.  This  paper  and  contents  are  dried,  and  then  transferred 
to  a  weighed  platinum  crucible.  The  paper  is  removed  by  ignition,  the 
crucible  cooled. and  weighed.  The  increase  in  weight  (residue)  is  calcu- 
lated as  pure  corundum. 

VARIETIES  OF  CORUNDUM. 

In  the  following  pages,  a  more  detailed  description  is  given  of  the  three 
principal  varieties  of  corundum  mentioned  on  page  164,  together  with 
their  uses,  which  are  very  limited  and  can  be  divided  into  the  two  general 
heads,  gems  and  abrasives.  Under  the  sapphire  variety  the  localities  are 
also  described,  as  there  are  but  few  of  them;  but  under  corundum  and 
emery,  no  localities  are  described,  as  Chapter  VIII  is  devoted  to  them. 

SAPPHIRE  OR  GEM  CORUNDUM. 

As  the  terms  "  gem  mineral "  and  "  precious  stone  ^'  are  used  at  the 
present  time,  they  apply  to  three  classes  of  minerals:  (1)  those  that  are 
of  value  for  cutting  and  use  as  jewelry  and  that  are  commonly  called 
gems,  as  the  diamond,  ruby,  beryl,  amethyst,  etc.;  (2)  those  that  are  used 
after  cutting  or  polishing  for  ornamental  or  decorative  purposes,  as 
12 
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quartz,  jade,  agate,  malachite,  etc.;  (3)  those  that  from  their  rarity  and 
beauiy  are  of  ornamental  and  mineralogical  value,  as  quartz  crystals, 
pyrites,  rhodochrosite,  calcite,  etc.  As  is  very  evident,  these  divisions  so 
overiap  one  another  that  no  sharp  lines  can  be  drawn  between  them. 

The  word  gem  is  used  ordinarily  to  designate  any  precious  stone  when 
cut  or  polished.  In  mineralogy  the  tenn  is  often  used  for  a  class  of 
minerals  whose  hardness  is  over  7  (or  harder  than  quartz)  and  that  are 
without  metallic  luster  and  are  brilliant  and  beautiful. 

The  properties  of  a  mineral  that  determine  its  value  as  a  gem  are  hard- 
ness, color,  rarity,  index  of  refraction,  and  luster.  To  illustrate  how 
hardness  affects  the  value  of  a  mineral  for  gem  purposes,  sphalerite  might 
be  cited.  This  mineral,  with  an  index  of  refraction  and  luster  not  far 
from  that  of  the  diamond,  has  a  hardness  of  only  3.54,  which  effectually 
prevents  it  from  being  a  gem  mineral. 

The  term  used  to  designate  the  weight  of  a  gem  is  "carat,^'  a  carat 
being  equal  to  3.168  grains  (this  is  the  international  carat)  or  250  milli- 
grams. This  word  should  not  be  confused  with  the  term  carat  that  is 
used  to  measure  the  fineness  of  a  gold  alloy. 

Some  varieties  of  corundum  have  properties  that  place  them  among  the 
most  valuable  of  the  gems.  With  the  exception  of  the  diamond  it  is  the 
hardest  mineral  known  and  the  rarity  and  color  of  the  ruby,  or  red  cor- 
undum, has  made  that  gem,  when  over  a  carat  in  weight,  more  valuable 
than  a  diamond  of  the  same  weight.  Corundum  has  been  found  in  almost 
all  the  colors  of  the  rainbow.  The  colors  stated  below  are  exhibited  bv 
the  different  corundum  gems.  With  the  name  of  the  gem  the  prefix 
"  oriental  ^'  is  often  used  to  distinguish  it  from  gems  of  the  same  name 
whose  mineral  composition  and  character  are  entirely  different : 

Varieties  of  corundum  gems. 

Oriental  or  true  ruby Red  and  shades  of  red. 

Oriental  amethyst Purple. 

Pink  sapphire Rose  or  pink. 

Oriental  sapphire Blue  and  shades  of  blue. 

Opaline  ^ 

Girasol    L Pale  blue  or  bluish  white. 

Hyaline 

Oriental  emerald Green. 

Oriental  topaz Yellow. 

White  sapphire      Colorless. 

Diamond  spar 
Star  sapphire  "| 

Chatoyant  y Opalescent. 

Asteria 
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All  these  varieties  of  conindum  gems  have  been  found  in  Nortli  Caro- 
lina, the  greatest  number  of  them  having  been  found  at  tlie  Corundum 
Hill  mine,  Cullasaja,  Macon  County.  The  North  Carolina  corundum 
excels  in  variety  of  color,  being  found  ruby-red  to  rose  and  all  interven- 
ing shades,  pink,  sapphire-blue,  dark  blue  to  pale  blue,  emerald-green  and 
various  shades  of  green,  violet  to  purplish,  yellow  of  various  shades,  brown, 
gray,  black,  and  colorless. 

In  index  of  refraction,  corundum  is  lower  than  a  number  of  the  com- 
moner gem  minerals.  In  the  following  table  the  relative  position  of  the 
corundum  is  shown: 

Indices  of  refraction  of  gem  minerals. 


Diamond 


Lithium  (Li.) 
=  Red. 

2.4135 


Sodium  (Na.) 
=  Yellow. 

2.4195 


ThaUium  (Tl.) 
=  Green. 

2.4278 


Descloix. 


(J 


Zircon    

Almandite   (Garnet) 
Pyrope  (Garnet)    ... 


1.8000 
1.7776 


1.9236-1.9682 
1.8056 
1.8141 


1.8113 
1.8288 


0) 


Sapphire  (Corundum)   ..  1.7678-1.7598 

Ruby  (Corundum)    1.7675-.7592 

Rhodolite  (Garnet)    

Spinel  ruby  (Spinel)   ...         1.7121 

Hiddenite    

Topaz     

u  t 

Tourmaline   1.6347-1.6172 

Emerald  (Beryl)   ...:...         

Aquamarine  (Beryl)    ...  1.5862-1.5791 

Amethyst     1.5391-1.5480 


1.7496 

1.7155 

^  —  1.669 

P      1.615 

U>                 F 

(.»              r 

1.6374-1.6196 

1.6409-1.6232 

1.5841-1.5780 

1.5893-1.5821 

1.5921-1.5848 

1.5441-1.5532 

1.5542-1.5636 

Pratt. 
Descloix. 

Descloix. 
Descloix. 
Pratt. 


Pratt. 


Dufet. 


According  to  the  above  table  corundum  would  rank  fourth  in  the  list 
of  gems  in  respect  to  its  index  of  refraction;  but,  as  is  well  known,  it  is 
not  its  brilliancy  but  its  rich  pigeon-blood-red  color  and  its  luster  that 
are  so  highly  prized  in  the  ruby,  and  that  give  to  it  its  great  value. 

The  next  table  shows  the  position  of  the  corundum  when  the  gems  are 
arranged  according  to  hardness : 


Table  showing  hardness  of  various  gems. 


Diamond     10 

Sapphire    9 

Ruby    8.8-9 

Spinel  ruby  8 

Topaz    8 

Emerald  beryl   7.5-8 

Beryl     7.5-8 


Zircon     7.5 

Rhodolite     7.5 

Pyrope    7.5 

Almandite    7.5 

Amethyst     7 

Hiddenite     6.5-7 
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The  oriental  ruby  comes  third  in  the  table  of  hardness,  but  its  rich 
color  and  its  rarity  have  made  it  the  most  valuable  of  gems  when  it  is 
more  than  one  carat  in  weight,  of  the  right  color,  and  free  from  flaws. 

The  many  uses  that  are  made  of  the  cut  sapphire  gems  in  the  jewelry 
trade  are  too  well  known  to  need  more  than  a  passing  notice  here.  One 
use  of  them  that  is  perhaps  worthy  of  notice  is  as  jewels  for  watches.  In 
a  recent  notice  from  the  Swiss  Agency  of  Precious  Stones  for  Watches, 
Aarburg,  Switzerland,  it  is  said  that  75,000,000  watch  jewels  were  re- 
quired annually.  With  the  increase  of  production  of  gem  corundum  in 
this  country,  a  great  deal  of  the  smaller  fragments  could  and  should  be 
utilized  in  the  manufacture  of  watch  jewels. 

Corundum  of  gem  color  has  been  found  at  many  mines  in  the  State, 
but  it  is  usually  translucent  or  only  partially  transparent.  The  gems 
occur  in  the  mines,  first,  as  crystals,  of  which  there  are  two  distinct 
forms,  (1)  hexagonal  prisms  terminated  by  rhombohedrons  and  pyra- 
mids, sometimes  with  basal  plane,  the  larger  crystals  being  often  rounded 
or  barrel-shaped,  and  (2)  flat  tabular  crystals,  in  which  the  basal  plane 
is  very  largely  developed;  second,  as  transparent  colored  portions  of 
larger  massive  pieces  of  corundum;  and  third,  as  nodules  of  finer  and 
clearer  materials  in  a  mass  of  corundum  in  which  parting  has  been  highly 
developed.  The  nodules  when  separated  from  the  mass  of  corundum 
often  have  the  appearance  of  rolled  pebbles. 

RUBY. 

The  most  important  of  the  precious  stones  of  the  corundum  species  is 
the  ruby.  The  ruby  varies  in  color  from  rose,  pinkish,  dark  red,  purplish, 
to  pigeon-blood  color,  which  is  the  most  highly  prized.  Rubies  are  very 
likely  to  be  fiawed,  and  many  of  the  cut  stones  when  examined  are  found 
to  contain  flaws  of  one  character  or  another.  The  stones  are  often  so 
cut  that  these  flaws  are  distinguishable  only  by  the  aid  of  a  magnifying 
glass. 

The  finest  rubies  of  pigeon-blood  color  are  those  found  in  the  Mogok 
district,  about  90  miles  north-northeast  of  Mandalay,  in  upper  Burmah. 
Small  but  fine  rubies,  often,  however,  of  a  pink  color  or  a  purplish  tint, 
are  found  at  Ratnapoora,  in  Ceylon ;  and  of  a  dark  red  color,  similar  to 
that  of  a  garnet,  in  Siam.  The  rubies  of  the  Burmah  district  are  found 
in  place  in  limestones,  but  the  mining  is  confined  almost  entirely  to 
the  gravels. 

At  the  Corundum  Hill  (Cullasaja)  mine.  North  Carolina  (see  de- 
scription, p.  246),  various  shades  of  gem  ruby  corundum  have  been  found. 
Two  of  the  best  rubies  of  good  color  that  have  ever  been  found  at  this 
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mine  are  in  the  Bement  collection.  There  are  also  a  number  of  fine 
ones  in  the  United  States  National  Museum  at  Washington.  Many  of 
the  smaller  crystals  of  various  shades  of  pink  to  red  are  transparent 
near  the  outer  surface  and  near  their  extremities,  from  which  small  gems 
can  be  cut,  but  few,  however,  have  been  obtained  from  these  that  were 
worth  $100.  *  These  smaller  crj-stals  are  usually  well  developed  and 
have  clean-cut  forms.  The  faces  commonly  developed  on  these  are,  the 
base,  c  (0001),  the  unit  prism,  m  (1010),  the  unit  rhombohedron, 
r  (1011),  and  more  rarely  the  pyramid,  n  (2243),  see  fig.  11,  p.  165. 

The  largest  crystal  of  corundum  ever  found  is  from  this  mine  and 
is  now  in  the  cabinet  at  Amherst  College.  The  crystal,  as  found  in 
1872  by  Mr.  Charles  W.  Jenks,  weighed  312  pounds.  The  general 
figure  is  pyramidal,  the  unit  prism  being  terminated  by  the  pyramid  and 


Fio.  15. — Corundum  crystal  from  Corundum  Hill,  N.  C. 


unit  rhombohedron.  The  color  of  the  crystal  is  red  at  the  surface,  but 
bluish  gray  in  the  interior. 

The  North  Carolina  locality  for  corundum  gems  that  has  attracted 
the  most  attention  is  the  tract  of  land  between  the  Caler  Fork  of  Cowee 
Creek  and  Mason  Branch,  two  tributaries  of  Little  Tennessee  River. 
This  tract  is  situated  in  Macon  County,  almost  6  miles  below  (north  of) 
the  town  of  Franklin.  The  nearest  railroad  station  is  Dillsboro,  Jack- 
son Countv,  on  the  Southern  Eailwav,  about  12  miles  to  the  east.  The 
bottom  of  the  valleys  is  about  2,500  feet  above  sea  level  and  the  moun- 
tain peaks  or  knobs  in  the  immediate  vicinity  rise  to  a  height  of  3,000  to 
3,500  feet. 

In  the  gravels  of  Caler  Fork  Valley  pieces  of  crystals  of  red  corundum 
were  picked  up  by  the  people  of  the  district,  which  led  to  the  driving  of 
two  or  three  tunnels  with  the  expectation  of  striking  the  vein  and  find- 
ing the  conmdum  in  sufficient  quantity  for  abrasive  purposes.  Work 
in  this  direction  was  soon  abandoned  and  for  a  number  of  years  pros- 
pecting and  a  little  mining  were  done  for  the  red  corundum  for  gem 


182      CORUNDUM  AND  PERIDOTITES  OF  WESTERN  NORTH  CAROLINA. 

purposes.  Systematic  search  was  made,  which  revealed  the  fact  that 
niby  corundum  was  to  be  found  in  the  gravels  of  Caler  Fork  Valley  for 
a  distance  of  3  miles.  In  1895,  the  American  Prospecting  and  Mining 
Company  of  New  York  bought  out  the  old  claims  and  began  work  on  a 
systematic  basis  (Plate  XVII,  A  and  B).  The  property  owned  by  the 
company  is  a  large  tract  on  both  sides  of  Caler  Fork  of  Cowee  Creek 
and  nearly  all  the  land  in  the  water  shed  of  Mason  Branch,  an  area  of 
about  1,500  acres. 

No  basic  magnesian  rocks  or  serpentine  derived  from  them,  in  which 
most  of  the  corundum  of  North  Carolina  occurs,  have  been  found  in 
this  valley.  Corundum  Hill  and  the  Ellijay  region  are,  however,  less 
than  10  miles  to  the  south. 

Although  in  many  respects  the  occurrence  of  the  rubies  and  their 
associated  minerals  in  the  Cowee  Valley  is  similar  to  the  occurrence  of 
the  ruby  in  Burmah,  no  limestone  has  been  found  near  the  alluvial  de- 
posits. The  nearest  point  at  which  limestone  has  been  found  is  at 
Cullowhee  Gap,  about  8  miles  to  the  southeast. 

The  country  rock  of  the  district  is  a  gneiss,  of  a  gray,  fine-grained 
variety,  through  which  is  disseminated  a  great  many  small  garnets. 
The  rock  is  for  the  most  part  in  a  highly  decomposed  condition,  but  in 
many  places  there  are  small  exposures  of  the  undecomposed  rock.  The 
gravels  in  which  the  rubies  are  found  rest  on  a  soft  saprolitic  rock,  which 
is  the  result  of  the  weathering  of  acid  silicate  rocks  in  place.  By  means 
of  shafts  and  the  workings  at  the  gravel  washings,  it  has  been  shown 
that  at  depths  of  35  feet  or  more  these  saprolitic  rocks  contain  fragments 
of  the  undecomposed  rocks  and  pass  into  various  rocks,  as  eclogite,  amphi- 
bolite,  and  hornblendic  gneiss. 

A  narrow  dike  of  hornblende  eclogite,  a  few  feet  in  width,  is  exposed 
near  the  present  workings  of  the  company,  at  "  In  Situ  "  Hill,  and  can 
be  traced  for  several  hundred  yards. 

No  rubies  have  been  found  in  the  undecomposed  rock,  but  at  "  In 
Situ''  Hill  small  rubies  of  a  rather  pale  color  were  found  in  a  narrow 
band  of  saprolitic  rock.  This  band,  however,  was  cut  off  by  slickon- 
sides  so  that  it  could  not  be  followed  in  any  direction.  There  are 
four  parallel  slickensides  that  have  been  exposed  at  one  place  in  the 
workings,  their  general  direction  being  N.  75°  E.  Some  of  these  slick- 
ensides are  70  feet  in  length  and  of  unknown  depth.  It  is  very  evident 
that  there  has  been  a  great  deal  of  disturbance  in  this  immediate  vicin- 
ity and  that  the  rock  masses  have  been  much  broken  by  faulting,  the 
ready  influx  of  water  having  caused  the  reduction  of  the  rocks  to  the 
saprolitic  condition. 
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In  washing  the  gravels  and  saprolite,  masses  of  undecomposed  rock 
have  been  uncovered  and  in  the  center  of  these  masses  nodules  of  pare 
hornblende  rock  have  been  found.  The  saprolite  bordering  the  nodulei? 
often  contains  particles  and  cr^'stals  of  corundum. 

Less  than  3  miles  east  of  "In  Situ"  Hill,  beyond  Betts  Gap,  corun- 
dum of  a  gray  to  bluish  color  but  highly  crystailized,  has  been  found  in 
hornblende  gneiss  (see  p.  252) ;  and  one  mile  a  little  north  of  west  at 
the  Sheffield  mine,  pink  corundum  has  been  found  in  an  amphibole- 
schist. 

An  associate  of  corundum  that  is  unique  to  this  locality  is  the  garnet, 
rhodolite.  They  occur  not  only  constantly  together  in  the  saprolitic 
material  and  in  the  gravels,  but  "orundum  crystals  have  been  found  that 
bear  the  impression  of  the  garnet.  By  means  of  wax  a  mold  was  taken 
of  these  impressions  that  showed  them  to  be  either  the  dodecahedron 


or  trapezohedron.  Then  again,  some  of  the  ruby  crystals  when  broken 
are  seen  to  have  a  garnet  enclosed  and  the  garnet  can  often  be  seen  in 
the  transparent  ruby  crystal  and  the  cut  gem.  The  association  of  the 
garnet  and  corundum  are  shown  iu  fig,  16,  which  was  drawn  by  Mr. 
W.  E.  Hidden." 

As  has  been  said,  there  is  no  limestone  in  this  immediate  vicinity  and 
from  the  facts  that  can  be  obtained  the  source  of  these  rubies  is  prob- 
ably an  amphibolite,  or  eclogite.  The  crystals  are  u.sually  of  flat  tabular 
form — the  form  that  seems  to  be  characteristic  of  the  gem  corundum 
found  in  igneous  rocks. 

The  Cowee  Creek  rubies  frequently  contain  inclusions,  some  of  which 
are  very  minute,  known  to  jewelers  as  silk,  and  this  gives  rise  to  a 
cloudiness  or  sheen  in  the  polished  gem.  Eutilc  and  nicnaocanifc  often 
occur  in  the  rubies,  greatly  marring  their  beauty  and  their  value.  Some 
large  gems — 3  oi   4  carats  in  weight — have  been  cut  which  were  free 
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from  inclusions  and  of  fine  color  and  transparency.  A  great  many 
smaller  perfect  gems  have  been  cut.  In  color  and  brilliancy  these  are 
equal  to  the  Burmah  ruby,  and  if  the  percentage  of  the  unflawed  trans- 
parent material  increases  but  little,  this  new  field  for  the  ruby  would  be 
a  well-matched  rival  to  the  Burmah  fields. 

A  considerable  proportion  of  the  transparent  material  is  often  very 
badly  flawed  by  cracks  due  to  parting,  and  by  the  inclusions  of  rutile, 
menaccanite,  etc.,  so  that  the  percentage  of  perfect  stones  from  this 
mine  is  small.  This,  however,  is  true  of  the  rubies  from  the  Burmah 
fields,  and  a  large  percentage  of  the  rubies  that  are  on  the  market  to-day 
are  more  or  less  flawed,  usually  with  parting  cracks. 

The  pleochroism  exhibited  by  the  Cowee  rubies  is  very  marked,  some 
of  them  being  a  very  rich  pigeon-blood  red  in  the  direction  of  the  vertical 
axis,  that  is,  looking  down  upon  the  basal  plane,  and  changing  to  an 
almost  pinkish  white  color  when  viewed  at  right  angles  to  this,  or  look- 
ing through  the  prism.  The  pleochroism  which  all  the  colored  varieties 
of  corundum  gems  exhibits  is  one  of  the  means  of  identifying  them. 
This,  however,  often  interferes  with  the  cutting. 

The  ruby  crystals  from  the  Cowee  Valley  show  a  wide  variation  in 
their  development.  Although  many  of  the  crystals  are  so  striated  that 
no  crystallographic  measurements  were  possible  in  the  reflecting  goniom- 
eter, the  faces  were  readily  identified  by  means  of  the  contact  goniometer. 
On  some  of  the  crystals  tiie  faces  were  bright  and  smooth,  and  therefore 
well  adapted  to  measurement  on  the  reflecting  goniometer. 

Among  the  crystals  examined  there  were  two  common  habits  noticed, 
one  as  shown  in  figs.  1  and  2,  PL  XVI,  which  is  a  combination  of  the 
base  c  (0001)  and  the  unit  rhombohedron,  r  (1011),  the  other,  represented 
by  figs.  3  to  6,  PL  XVI,  where  the  prism  a  (1120)  is  very  prominently 
developed.  The  rhombohedral  crystals  vary  from  those  where  the  base 
is  largely  developed,  having  a  diameter  of  12  mm.  while  the  rhombohed- 
ron is  only  1.5  mm.  to  some  (fig.  1,  PL  XVI)  which  have  the  base  and 
rhombohedron  more  equally  developed.  In  the  majority  of  these  crys- 
tals, however,  the  base  is  more  largely  developed,  so  that  the  crystals  have 
a  flat  tabular  appearance.  This  rhombohedral  development  is  very 
similar  to  that  of  the  sapphires  from  Yogo  Gulch,  Montana." 

On  some  of  the  prismatic  crystals  the  prism  reaches  a  length  of  nearly 
15  mm.  in  the  direction  of  the  cf  axis,  and  the  rhombohedron  is  but 
slightly  developed  (fig.  3,  PL  XVI),  while  on  others  the  prism  is  very 
short  and  the  rhombohedron  sometimes  is  wanting,  as  represented  in 
figs.  4  and  5,  PL  XVI. 
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Another  habit  of  these  crystals  is  shown  in  figs.  7  and  8  of  PI.  XVI, 
where  the  pyramid  n  (2243)  is  well  developed.  This  face  was  identified 
by  means  of  the  contact  goniometer,  the  measured  angles  approximating 
closely  to  the  calculated  ones.  The  usual  form  of  these  crystals  is  shown 
in  fig^  7,  PI.  XVI,  where  the  faces  c  (0001),  a  (1120),  r  (1011),  and 
n  (2245)  are  nearly  equally  developed.  On  some  of  the  crystals  the 
prism  is  very  prominent,  being  8  mm.  in  length  in  the  direction  of  the 
c'  axis,  while  the  pyramid  is  only  1.5  mm.;  on  others  the  pyramid  is 
only  very  slightly  developed.  A  few  cr}-stals  were  examined  which  showed 
only  the  presence  of  the  base,  the  rhombohedron,  and  the  pyramid,  as 
represented  in  fig.  8,  PI.  XVI.  The  crystals,  measuring  up  to  7  mm.  in 
diameter,  were  doubly  terminated  and  nearly  perfect  in  their  develop- 
ment. 

The  crystals  represented  by  fig.  7,  PI.  XVI,  are  similar  to  those  de- 
scribed by  Bauer"  from  the  Burmah  district,  and  are  almost  identical 
in  form  with  a  sapphire  crystal  observed  "  from  Emerald  Bar,  Canon 
Ferry,  Magher  County,  Montana. 

Although  both  the  basal  and  rhombohedral  planes  are  very  often  stri- 
ated, it  is  only  on  the  basal  planes  that  these  are  sharp  and  distinct  and 
can  be  measured.  The  striations  are  parallel  to  the  three  intersections 
of  the  base  c  and  the  rhombohedron  r  as  shown  in  fig.  5,  PI.  XVI. 

A  very  common  development  that  was  noticed  in  nearly  all  the  flat 
rhombohedral  crystals  and  on  many  of  the  prismatic  ones  is  a  repeated 
growth  on  the  basal  plane  of  the  rhombohedron  r  (1011),  and  the  base 
c  (1001),  as  represented  in  figs.  1  and  6,  PI.  XIV.  To  better  illustrate 
the  variation  in  these  growths,  a  series  of  figures,  figs.  9  to  14,  PI.  XVI, 
have  been  drawn  in  basal  projection.  In  figs.  9  and  10,  PI.  XVI,  which 
represent  the  more  common  development  of  these  repeated  growths,  there 
is  but  one  secondarv  rhombohedron  and  base,  one  of  the  rhombohedron 
faces  of  which  is  sometimes  a  continuation  of  one  of  the  rhombohedral 
faces  of  the  crystal.  Figs.  11  and  12,  PI.  XVI,  represent  repeated 
growths  the  faces  of  which  are  separate  and  distinct  from  one  another  and 
from  the  faces  of  the  main  crystal.  In  the  crystals  represented  by  fig.  12, 
PI.  XVI,  where  the  secondary  growths  are  but  slightly  developed,  the 
basal  plane  of  the  crystal  has  the  appearance  of  being  striated  with  tri- 
angular markings.  Figs.  13  and  14,  PI.  XVI,  show  a  series  of  growth 
with  a  number  of  the  rhombohedral  faces  coinciding. 

Some  of  the  pyramidal  crystals  figs.  7  and  8,  PI.  XVI,  also  show  the 
development  of  the  secondary  growth  of  rhombohedron  and  base. 
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The  thickness  of  the  rhombohedron  of  the  secondary  growth  varies 
from  those  that  are  so  thin  that  they  appear  like  striations  to  some  that 
are  2  mm.  thick.  A  few  crystals  were  observed  on  which  there  was  a 
secondary  growth  parallel  to  the  prism,  1120. 

This  same  style  of  development  has  been  described  by  Bauer"  as  oc- 
curring in  the  Burmah  rubies. 

The  sapphire  crystals  from  IVIontana  described  on  page  187,  and  illus- 
trated in  Plate  XVIII,  are  ver}'  striking  in  their  similarity  in  this  respect 
to  the  Cowee  rubies. 

Much  of  the  work  that  has  been  done  in  the  vallev  has  been  in  the 
nature  of  prospecting  to  locate  the  extent  of  the  ruby-bearing  gravel  and, 
if  possible,  to  locate  the  origin  of  the  rubies  themselves. 

At  the  Mincey  mine,  Ellijay  creek,  ruby  corundum  has  been  foimd  from 
which  several  small  stones  could  be  cut.  This  occurs  at  the  same  localitv 
as  the  bronze  corundum  described  on  page  189.  Another  locality  that  is 
worthy  of  mention  and  one  that  gives  some  promise  in  course  of  develop- 
ment to  make  a  good  showing  is  the  "  Gem  mine  ^^  on  the  property  of 
Dr.  C.  Grimshawe,  Montvale,  Jackson  County.  Rubies  of  good  colors 
have  been  found  in  the  gravels  of  the  stream,  from  which  a  number  of 
fine  but  very  small  stones  have  been  cut.  Blue  and  yellow  corundum  of 
good  color  are  associated  with  the  rubies.  Following  up  the  gravels,  the 
corundum  has  been  located  in  a  small  vein  in  the  decomposed  peridotite. 

At  the  CuUakeenee  mine,  on  Buck  Creek,  and  near  Elf,  on  Shooting 
Creek,  Clay  County,  masses  of  emerald  to  grass  green  amphibolite  are 
found,  through  which  are  disseminated  particles  of  pink  and  ruby  cor- 
undum, in  size  varying  from  that  of  a  pea  to  that  of  a  hickory  nut,  and 
sometimes  broad  tabular  masses  2  or  3  inches  across.  The  corundum  is 
not  of  real  gem  quality,  but  the  combination  of  the  green  amphibolite  and 
pink  corundum  make  very  beautiful  specimens,  and  as  this  rock  is  hard 
enough  to  take  a  good  polish,  it  should  make  a  decorative  or  ornamental 
stone  of  some  value. 

SAPPIimE. 

The  finest  sapphires  are  found  in  Burmah  and  Ceylon ;  and  those  with 
the  finest  coni-flower  blue  color  have  also  been  obtained  from  Cevlon. 
Simla  Pass,  in  the  Himalaya  Mountains,  has  furnished  some  excellent 
crystals  of  a  rich  velvety  blue  and  also  some  very  good  stones  of  a  lighter 
color.  Sapphires  that  have  made  very  good  gems  have  been  found  in 
Siam.  In  the  sapphire  fields  of  Anakie  in  Central  Queensland,  Aus- 
tralia, a  few  good  blue  stones  are  obtained  but  the  greater  number  are  of 
bright  green  and  yellow  shades,  some  of  which  make  handsome  gems. 

»« Loc.  cit..  p.  209 
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The  Montana  sapphires,  which  have  been  attracting  considerable  atten- 
tion during  the  past  five  or  six  years,  occur  at  three  localities  in  the  State. 
The  locality  that  was  first  discovered  is  on  the  Missouri  Eiver,  about  61 
miles  above  Benton  and  17  miles  northeast  of  Helena.  Here  the  sapphires 
are  obtained  from  bars  in  the  river.  There  are  a  number  of  these  bars, 
which  occur  in  the  river  for  a  distance  of  about  6  miles,  and  which  are 
known  by  various  names,  as  Emerald  Bar,  Ruby  Bar,  Spokane  Bar,  Eldo- 
rado Bar,  etc. 

At  another  locality,  on  Rock  Creek,  in  Granite  County,  sapphires  of  all 
colors  have  been  found  in  the  gravel,  and  this  is  one  of  the  more  promising 
localities  in  the  State. 

But  few  gems  of  any  great  value  have,  up  to  the  present  time,  been 
found  at  either  of  these  localities.  The  stones  have  a  wide  range  of  color, 
those  from  the  ^lissouri  bars  being  pale  blue,  pinkish  blue,  bluish  green, 
pink,  and  purplish.  Some  of  these  have  cut  very  brilliant  stones.  The 
deep  shades  of  the  blue  are  rare,  but  a  few  stones  have  been  found  that 
furnished  small  fine  gems. 

The  third  locality,  Yogo  Gulch,  is  on  the  Yogo  Fork  of  the  Judith 
River,  about  75  to  100  miles  east  of  the  region  first  named.  The  rock  in 
which  the  sapphires  have  been  found  is  a  monchiquite  (see  p.  *225).  At 
this  locality  many  handsome  sapphires  are  being  obtained,  the  colors  vary- 
ing from  a  light  blue  to  dark  blue. 

The  cr\'stals  from  the  Missouri  River  and  Rock  Creek  localities  are 
entirely  different  in  their  development  from  those  from  Yogo  Gulch. 
Those  from  the  Missouri  River  bars  (Emerald  Bar)  have  the  forms 
shoAvn  in  fig.  9,  and  figs.  4  and  7,  Plate  XVI,  the  prism  a  (1120),  being 
always  present  and  usually  in  combination  with  the  base  c  (0001) 
and  the  unit  rhombohedron,  r  (1011).  Those  from  Yogo  Gulch  are 
more  flat  and  tabular  in  their  development,  as  shown  in  figs.  1  to  4, 
PI.  XVIIT,  where  the  base  is  in  combination  with  the  rhombohedron, 
X  (3032).  A  common  development  of  these  crystals,  which  is  very  sim- 
ilar to  that  described  for  the  Cowee  rubies,  is  the  repeated  growth  on  the 
basal  plane  of  the  rhombohedron,  x  (3032),  and  the  base,  c  (0001). 
These  gro\\i:hs  are  as  varied  as  those  on  the  rubies  and  are  represented  in 
figs.  11  to  14,  PI.  XVIII,  where  they  are  drawn  in  basal  projection. 

Etching  figures  were  observed  on  nearly  all  the  cr\\««tals  examined  from 
Yogo  Gulch."  These  figures,  which  were  on  the  basal  plane,  are  very 
perfect  and,  though  showing  many  different  forms,  all  have  a  rhombo- 
hedral  symmetry.     The  edges  of  the  depression  are  sharp  and  well  de- 
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fined,  as  are  also  the  intersections  of  the  rhombohedral  faces  of  the  depres- 
sion. These  vary  considerably  in  size,  but  most  of  them  are  near  one 
millimeter  in  diameter,  PL  XVIII,  figs.  5  to  10. 

Bauer"  has  described  similar  etching  figures  on  the  basal  plane  of  the 
rubies  of  Burmah. 

No  locality  in  North  Carolina  has  furnished  very  many  sapphires  and 
at  none  is  the  corundum  distinctly  of  the  sapphire  variety.  At  the  Cor- 
undum Hill  (CuUasaja)  mine,  a  number  of  very  handsome  specimens  and 
gems  have  been  obtained.  In  the  U.  S.  National  Museum  at  Washington 
there  are  a  number  of  fine  dark  blue  sapphires  from  this  mine,  one  of  1 
carat  in  weight.  The  Leidy  collection  contained  three  fine  sapphires  from 
this  mine  weighing  one  and  one-half,  one  and  one- fourth,  and  three- 
fourths  carats  respectively.  There  are  also  a  number  of  fine  blue  and 
red  crystals  in  the  collection.  The  same  specimen  often  shows  yellowish 
and  blue  colors,  sometimes  sharply  separated  into  consecutive  bands,  some- 
times merging  into  each  other.  A  beautiful  crystal  of  blue  and  yellow 
corundum  in- consecutive  bands,  from  which  it  has  been  estimated  that 
$1,000  worth  of  gems  could  be  cut,  is  in  the  Clarence  S.  Bement  collec- 
tion, in  the  Museum  of  Natural  History,  New  York  City.  A  large  crys- 
tal that  is  in  the  Amherst  College  Museum  weighs  11 J  pounds  and  is  of  a 
grayish  blue  color,  with  spots  of  a  pale  sapphire  tint.  The  crystal  has  the 
hexagonal  pyramid  well  developed  and  is  terminated  at  one  end.  It  is  6 
inches  broad  and  a  little  over  5  inches  long.  A  great  many  of  the  corun- 
dum crystals  are  transparent  near  their  extremities,  where  small  gems 
could  be  cut  from  them. 

At  the  Sapphire  Corundum  mines,  in  Jackson  County,  some  fragments 
of  sapphire  of  fine  blue  color  have  been  found  which  have  cut  good  gems. 
At  the  Whitewater  and  Sapphire  mines,  considerable  of  the  corundum  is 
spotted  with  blue. 

Associated  with  the  green  amphibolite  rocks  near  Elf  post-office,  Clay 
County,  blue  corundum  has  been  found  sparingly,  having  the  same  rela- 
tion to  the  rock  as  the  red  and  pink  corundum  described  on  page  186. 

Four  miles  east  of  Franklin,  Macon  County,  on  the  Dillsboro  road,  at 
the  Watauga  mine  of  the  National  Abrasive  Manufacturing  Company,  all 
the  corundum  mined  was  in  the  form  of  flat  tabular  or  short,  prismatic 
crystals.  The  color  of  the  crystals  was  pale  blue  and  pinkish  to  whitish 
blue  and  many  were  transparent.  None  were  observed  that  showed  a 
deep  blue  color. 

At  the  Presley  mine,  on  the  west  fork  of  Pigeon  T^iver,  in  Haywood 
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County,  fine  colored  specimens  of  blue  and  grayish  blue  corundum  are 
foimd. 

Small  blue  crystals  in  fibrolite  have  been  found  at  Norwich,  Connecti- 
cut.  At  Vernon,  New  Jersey,  blue  and  red  corundum  have  been  found, 
but  usually  showing  no  transparency.  Some  of  these  stones  have  been 
cut,  but  it  is  not  probable  that  any  of  them  were  of  gem  quality. 

In  the  deep  blue  sapphires  the  pleochroism  is  often  very  strong,  and 
care  must  be  taken  in  cutting  the  stone  to  show  this  at  a  minimum. 

EMERALD    (ORIENTAL). 

The  emerald-green  sapphire  or  the  oriental  emerald  is  one  of  the  rarest 
of  corundum  gems  and  there  are  but  very  few  if  any  on  the  market  at 
the  present  time.  Some,  but  of  rather  deep  color,  have  been  found  in 
Siam. 

At  the  Corundum  Hill  (Cullasaja  mine),  many  specimens  showing 
various  shades  of  light  green  and  yellowish  green  have  been  found,  some 
of  which  were  transparent.  What  is  probably  the  finest  known  specimen 
of  the  oriental  emerald  in  the  world  came  from  this  mine  and  is  now  in 
the  Bement  collection.  It  is  a  crystal,  4  by  2  by  IJ  inches,  part  of  which 
is  transparent,  from  which  could  be  cut  several  pieces  that  would  furnish 
from  80  to  100  carats  of  very  fine  emerald-green  gems,  the  largest  per- 
haps about  20  carats  in  wei^jht.  This  specimen,  on  account  of  its  color, 
is  a  very  valuable  and  rare  one.  No  green  corundum  has  been  observed 
at  any  of  the  other  corundum  localities  in  North  Carolina. 

OTHER  VARIETIES. 

Besides  the  above  three  varieties  of  corundum  gems,  the  Corundum 
Hill  mine  has  furnished  specimens  of  all  the  different  corundum  gems 
mentioned  on  page  178,  with  the  exception  of  the  star  sapphire.  Some 
very  fine  but  small  oriental  amethysts  have  been  found,  one  a  violet  to  a 
violet-blue  color  of  a  little  over  one  carat  in  weight.  Transparent  yellow 
corundum  has  been  obtained,  and  this  has  furnished  a  number  of  hand- 
some oriental  topazes,  one  of  a  wine-yellow  color  that  weighed  3J  carats. 
Most  of  these  fancy  varieties  of  corundum  gems  are  found  in  the  Ceylon 
district. 

At  the  Mincey  mine,  on  Ellijay  Creek,  Macon  County,  about  2^  miles 
northeast  of  Corundum  Hill,  there  occurs  a  peculiar  brown  to  "  bronze  ^' 
corundum  (known  in  this  section  as  pearl  corundum)  which  shows  dis- 
tinct asterism,  both  by  sunlight  and  artificial  light,  when  the  stone  is  cut 
en  cdbochon.  In  sunlight  they  all  show  a  bronze  luster  and  are  some- 
what similar  to  the  cat's  eye,  but  in  artificial  light  the  star  is  more  dis- 
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tinct,  showing  that  the  stone  is  the  asteria  or  star  sapphire,  rather  than 
the  cat's  eye.  Most  of  this  bronze  conindnm  is  in  rough  crystals,  but 
some  have  the  prismatic  faces  smooth  and  well  developed.  The  prismatic 
faces  are  often  dark,  almost  black,  in  color.  The  same  variety  is  found 
at  the  Hunter  mine  in  Iredell  County. 

This  asterism  is  sometimes  produced,  according  to  von  Lasaulx,"  by 
the  rifts  due  to  the  basal  parting.  The  lamellae  produced  by  this,  when 
examined  under  the  microscope,  are  seen  to  be  very  thin,  sharp  and  recti- 
linear, and  appear  as  striations  on  the  sides  of  the  prism  (fig.  14). 

In  other  cases,  asterism  is  undoubtedly  due  to  the  nitile  or  other  min- 
erals that  are  enclosed  in  the  corundum,  which  intersect  each  other  at 
angles  of  60°  and  form  a  "sagenite  web^'  or  similar  structure.  Such 
corundum  might  well  be  called  "sagenite  corundum,'^  similar  to  the 
sagenite  quartz. 

The  Laurel  Creek  mine.  Pine  Mountain,  Eabun  County,  Georgia,  while 
it  has  not  furnished  any  material  from  which  gems  could  be  cut,  has  pro- 
duced some  of  the  handsomest  specimens  of  corundum,  of  various  shades 
of  blue  and  red  and  having  a  v^ry  brilliant  luster.  From  the  Acworth 
mine,  Georgia,  a  peculiar  banded  variety  of  corundum  is  obtained  of  blue 
and  pink  colors. 

Many  of  the  other  corundum  mines  have  furnished  specimens  that 
were  of  a  pink  or  blue  color  or  had  spots  of  the  deep  colors  in  the  mass, 
but  none  of  them  have  been  of  gem  quality. 

The  most  promising  localities  for  corundum  gems  in  North  Carolina 
are  the  Ruby  mine,  at  Cowee,  Macon  County ;  the  Corundum  Hill  mine, 
Macon  County;  and  the  Grimshawe  mine,  Jackson  County. 

Of  the  gem  corundum  cr^^stals  and  fragments  found  at  the  Corundum 
Hill  mine,  the  first  and  many  of  the  latter  ones  were  found  in  the  gravel 
of  the  old  stream  bed.  Since  1873,  when  the  work  at  the  mine  was  for  a 
time  suspended,  but  little  effort  has  been  made  to  obtain  the  gems  that 
do  undoubtedly  exist.  Although  it  has  not  paid  to  work  the  mine  exclu- 
sively for  gems,  yet  in  connection  with  the  mining  of  the  corundum  for 
abrasive  purposes,  if  some  attention  were  given  to  washing  the  gravels  and 
working  that  part  of  the  mine  in  which  the  good  cr\^tals  of  gem  quality 
have  been  found,  it  seems  very  probable  that  more  gems  and  crystals  would 
be  obtained,  which  would  make  a  profitable  output  of  the  mine. 

COMMON  CORUNDUM. 

The  varieties  that  are  brought  under  this  head  are,  with  the  exception  of 
emery,  all  those  that  cannot  be  used  as  gems.     As  a  commercial  product 
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there  are  differences,  such  as  texture,  purity,  etc.,  that  considerably  affect 
the  value  of  the  material,  in  tlie  same  way  that  color  and  transparency 
affect  the  value  of  gem  corundum.  All  the  corundum  except  emery  that 
is  used  as  an  abrasive  comes  under  this  head.  While  the  hardness  of  the 
pure  corundum  is  practically  the  same,  that  is  9,  the  cutting  qualities  of 
corundums  vary,  as  has  already  been  stated,  according  to  the  extent  that 
alteration  has  taken  place  and  to  the  development  of  the  parting.  The 
usual  colors  of  the  corundum  included  under  this  head  are  gray  to  white, 
shades  of  blue,  and  white  mottled  with  blue,  and  also  the  darker  colors, 
brown  to  black. 

This  parting,  which  has  already  been  described,  is  often  very  promi- 
nently developed  in  corundum,  so  that  where  it  is  massive  it  has  the 
appearance  of  being  divided  into  very  small,  almost  cubical  blocks;  and 
where  this  parting  is  very  considerably  developed,  it  materially  affects 
its  commercial  value. 

As  the  corimdum  occurs  in  the  various  veins  it  is  classified  bv  the 
miners  as  (1)  block  corundum,  (2)  crystal  corundum,  and  (3)  sand 
corundum.  These  three  varieties  of  corundum,  which  are  present  at  the 
different  mines,  are  sometimes  all  three  found  in  the  same  mine,  as  at 
Corundum  Hill,  although  not  all  three  are  found  in  the  same  vein. 

BLOCK   CORUNDUM. 

This  varietv  constitutes  the  massive  corundum  as  it  occurs  in  the  veins, 
whether  in  very  small  or  large  masses.  A  mass  of  block  corundum  weigh- 
ing over  5,000  pounds  is  reported  to  have  been  taken  from  the  Laurel 
Creek  mine,  Rabun  County,  Georgia.  This  mine  has  probably  furnished 
the  largest  blocks  of  corundum.  In  some  of  the  veins  the  block  corundum 
is  often  intermixed  with  feldspar  or  hornblende  or  margarite  or  chlor- 
ite, or  other  minerals,  so  that  the  separation  of  the  corundum  from  the 
foreign  minerals  is  a  rather  difficult  process.  Corundum  that  occurs  in 
masses  of  considerable  weight  is  often  very  difficult  to  mine,  on  account 
of  its  toughness,  as  it  is  not  readily  broken  up  and  cannot  be  drilled 
through.  Block  corundum  that  shows  but  little  development  of  the 
parting  planes  and  no  intergrowth  of  chlorite  in  any  cracks  or  seams 
that  may  have  developed  makes  the  best  commercial  corundum,  and  the 
difficulty  of  cleaning  it  is  reduced  to  a  minimum.  Corundum  showing 
pronounced  parting  planes  is  not  easily  cleaned,  for  these,  as  was  stated 
on  page  IGO,  represent  solution  planes,  and  therefore  more  or  less  de- 
composition. 

CRYSTAL  CORUNDUM. 

Under  this  head  is  included  all  the  crvstalline  varieties  of  corundum, 
and  this  is  often  present  in  the  veins  of  both  sand  and  block  corundum. 
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At  many  of  the  localities  the  crystals  show  the  hexagonal  prism  merging 
into  the  pyramid,  thus  causing  the  crystal  to  assume  a  barrel-like  appear- 
ance as  it  tapers  toward  the  end,  and  it  is  therefore  known  as  "barrel 
corundum."  At  a  number  of  mines  are  found  loose  tapering  crystals 
of  rather  indefinite  form,  enclosed  by  compact  margarite.  At  many  of 
the  veins  the  crystals  occur  in  a  mass  of  chlorite  which,  if  they  show  no 
parting  planes,  have  but  a  small  surface  coated  with  the  chlorite,  so  that 
in  cleaning  the  crushed  product  there  is  but  little  foreign  material  to 
be  ground  away. 

SAND  COBUNDUM. 

This  corundum  consists  of  minute  crystals  and  small,  irregular  grains 
which  are  found  in  the  chlorites  and  vermiculites  developed  in  the  con- 
tact veins  between  the  peridotite  and  other  country  rock.  Sand  cor- 
undum requires  no  crushing,  only  washing  and  grinding  off  the  chlorite 
and  vermiculite  that  are  attached  to  some  of  the  particles. 

EMERY. 

As  was  stated  on  page  164,  emery  is  a  mechanical  mixture  of  corundum 
and  either  magnetite  or  hematite,  and  its  value  as  an  abrasive  is  due 
to  the  percentage  of  the  corundum  it  contains,  for  it  is  to  this  mineral 
that  the  emery  owes  its  cutting  qualties.  This  mixture  of  the  corun- 
dum and  the  hematite  or  magnetite  is  usually  so  intimate  that  no  sepa- 
ration on  a  commercial  basis  can  be  made,  so  that  an .  emery  could 
never  be  used  as  a  source  of  corundum.  When  very  finely  crushed  the 
iron  oxide  can  be  separated  from  the  emery  by  means  of  an  ordinary  or 
electro-magnet.  When  examined  under  the  microscope  the  two  min- 
erals can  be  seen  distinctly.  Sometimes  the  corundum  is  coarse  grained, 
and  it  has  been  found  at  Chester,  Mass.,  in  crystals  nearly  half  an  inch 
in  diameter. 

In  appearance  emery  is  very  similar  to  a  fine-grained  iron  ore,  and 
when  it  contains  iron  oxide  (Fe804)  it  is  almost  identical  in  appearance 
with  magnetic  iron  ore,  magnetite.  The  color  is  blue  black  to  black. 
When  emery  was  first  discovered  it  was  mistaken  for  an  iron  ore  and  a 
number  of  attempts  were  made  to  work  the  deposits  as  iron  ores.  The 
largest  American  deposit,  which  is  located  at  Chester,  Mass.,  was  first 
thought  to  be  magnetic  iron  ore,  and  blast  furnaces  were  erected  to 
smelt  it,  but  at  the  first  attempt  the  furnaces  became  clogged  up  and 
were  unable  to  reduce  it  to  iron.  The  mine  remained  idle  for  a  number 
of  years  until  Dr.  H.  S.  Lucas  bought  it  and  began  to  operate  it  as  an 
emery  mine.  This  mine,  which  is  now  owned  and  worked  by  the  Ash- 
land Emery  and  Corundum  Company,  and  those  at  Westchester,  N.  Y., 
produce  all  of  the  emery  that  is  mined  in  this  country. 
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Emery  is  usually  evenly  fine-grained,  but  there  are  transitions  from 
this  to  some  kinds  in  which  the  corundum  is  in  distinct  crystals,  as  at 
the  Chester  mine.  It  usually  occurs  as  nodules,  or  rough  fragments, 
and  large  irregular  masses.  On  account  of  its  fine-grained  texture, 
these  larger  masses  are  very  difficult  to  break.  They  are  broken  in  the 
same  way  as  are  large  masses  of  corundum,  that  is,  fires  are  built  over 
them  and  when  they  are  thoroughly  heated,  they  are  suddenly  cooled  by 
pouring  water  over  them,  this  primitive  metliod  being  very  effective  in 
breaking  up  these  large  masses. 

Sometimes  spinel  is  associated  with  emery  and  in  some  cases  the 
spinel  is  largely  in  excess  of  the  corundum  and  the  mineral  passes  over 
into  what  might  be  called  a  "spinel  emery."  This  is  well  illustrated 
at  the  Westchester  mines  in  New  York  State,  and  in  some  of  the  emeries 
from  the  Grecian  Islands. 

Emery  is  sold  in  the  market  under  the  head  of  Turkish,  Naxos,  Chester, 
and  Peekskill  emery,  according  to  the  locality  from  which  it  is  obtained. 
It  was  first  obtained  from  certain  Grecian  islands,  the  principal  one  of 
which  is  Naxos,  upon  which  there  have  been  17  deposits  of  emery  located. 
The  mines  of  Naxos  for  a  long  time  controlled  the  emery  market,  until 
the  important  explorations  of  Dr.  J.  Lawrence  Smith  disclosed  large 
deposits  in  Asia  minor.  By  these  discoveries  a  new  source  of  emery 
was  found  which  at  once  reduced  the  price.  The  best  Turkish  emery  is 
thought  to  be  that  from  the  Abbot  mine,  which  is  considered  by  many 
to  be  better  than  that  which  is  obtained  from  the  Grecian  islands,  known 
as  the  best  Naxos  emery.  The  emery  from  Chester,  Mass.,  which  was  at 
one  time  considered  not  to  be  a  true  emery,  has  taken  its  place  with  the 
Naxos  and  Turkish  emeries,  and  is  considered  by  many  to  be  equal  if  not 
superior  to  these.  For  a  description  of  these  foreign  emeries,  see  page 
267. 

USES    OF   CORUNDUM    AND    EMERY. 

Both  corundum  and  emery  are  used  in  the  manufacture  of  abrasive 
materials,  and  these  are  on  the  market  in  three  forms,  as  wheels  and 
stones  of  various  shapes  and  sizes,  as  emery  paper,  and  as  grains,  or 
powder.  The  last  two  need  no  further  description ;  but  a  description  of 
the  first  is  important. 

The  shapes  of  the  corundum  and  emery  wheels  and  bricks  or  stones, 

are  varied,  the  forms  being  adapted  to  all  kinds  of  grinding  (see  figs. 

17  and  18).     The  principle  of  these  wheels  is  the  same  as  that  of  rotary 

files  and  common  grindstones,  and  as  the  points  of  a  file  become  dull  from 

use,  so  also  do  the  grains  or  points  of  the  emery  and  corundum  in  the 

wheel.     It  is  necessary,  therefore,  in  making  a  wheel,  that  it  be  made  of 
13 
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such  temper  or  grade  that  when  theae  grains  become  dull  or  rounded 
they  will  fall  away  or  be  readily  removed  by  a  truing  tool,  leaving  fresh, 
sharp  ones  exposed.  The  grade  of  the  wheel  depends  upon  the  character 
of  the  work  for  which  it  is  to  be  used,  and  the  bond — the  material  that 
binds  the  abrasive  together  as  a  wheel— should  be  sucli  that  it  will  wear 
away  a  little  faster  than  the  emery  or  corundum,  and  thereby  always  leave 
the  sharp  edges  ready  for  cutting.  The  greatest  economy  is  attained 
when  the  bond  does  not  wear  away  until  the  grains  of  emery  or  corun- 
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dum  have  become  rounded  or  dull,  thus  permitting  the  wheel  to  do  its 
greatest  amount  of  work. 

All  wheels  are,  or  should  be,  thoroughly  tested  before  leaving  the  fac- 
tory, and  to  a  higher  strain  than  that  to  which  they  are  to  be  subjected 
in  actual  use;  and  as  the  wheels  have  to  be  run  at  a  very  high  velocity 
in  order  to  gain  the  greatest  efficiency,  there  is  at  times  but  little  reserve 
strength,  so  that  a  sudden  blow  will  often  cause  them  to  fly  to  pieces. 
Safety  devices  of  various  types  have  been  made,  which  are  either  attached 
to  the  wheel,  or  made  into  the  wheel  in  such  a  way  that  if  the  wheel 
breaks  the  pieces  are  held  together. 

To  give  some  idea  of  the  number  of  different  wheels  that  the  larger 
emery  wheel  companies  are  prepared  to  make,  the  following  has  been 
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compiled  from  a  communication  received  from  the  Norton  Emery  Wheel 
Company,  of  Worcester,  Mass,  The  wheels  are  manufactured  for  the 
special  work  for  which  they  are  intended,  and  vary  in  shape,  bond,  and 
grain  of  corundum.  The  sizes  of  corundum  that  are  used  are  Nos.  12, 
14,  IG,  20,  24,  30,  36,  40,  50,  54,  60,  70,  80,  90,  100,  120,  150,  160,  180, 
300,  and  six  grades  of  fluor  corundum.  Then  the  bond  varies  in  hard- 
ness, represented  by  the  twenty-six  letters  of  the  alphabet,  though  a 
bond  is  seldom  used  softer  than  E ;  and  there  are  408  different  siiies  of 
circular  wheels.     Thus  the  different  grades  and  types  of  wheels  possible 
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from  caruDdum  and  emery. 


are  almost  unlimited.  Besides  the  circular  wheel,  they  are  molded  into 
all  kinds  of  shapes,  making  it  possible  to  utilize  them  for  practically 
any  kind  of  grinding.  In  figs.  17  and  18  there  are  represented  some 
of  the  difTerent  shapes  and  sizes  of  these  wheels  and  stones. 

There  are  three  types  of  wheels  known  to  the  trade,  the  vitrified,  the 
chemical,  and  the  cement  wheel,  the  names  being  derived  from  the  pro- 
cess by  which  they  are  manufactured.  The  corundum  or  emery  used 
in  the  manufacture  of  any  one  wheel  is  in  grains  of  uniform  size,  but 
the  size  of  grain  varies  with  the  grade  of  the  wheel  that  is  to  be  made. 
The  vitrified  wheel  is  the  most  important  and  the  one  most  generally 
used,  although  for  some  work  one  of  the  otJiers  is  preferable,  and  for 
very  large  operations  the  chemical  wheel  is  especially  adapted. 
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THE   VITRIFIED   WHEEL. 

In  the  manufacture  of  this  wheel  great  care  is  necessary  in  the  selec^ 
tion  of  the  corundum,  for  in  the  vitrification  of  the  bond,  if  there  are 
any  foreign  minerals  present  containing  any  large  amount  of  water,  they 
are  very  likely  to  cause  the  wheel  to  burst,  and  any  that  fuse  easily  will 
reduce  its  abrasive  efficiency  or  destroy  it  altogether. 

The  corundum  grains  are  mixed  thoroughly  in  a  paste  of  prepared 
clay  and  other  fiuxes,  enough  being  added  to  make  it  the  right  constitu- 
ency, and  it  is  then  poured  into  paper  molds  and  set  aside  in  a  drying 
room  until  hard  enough  to  be  readily  handled.  When  the  wheels  are 
suflBciently  dry  they  are  subjected  to  a  dressing  or  trimming  process 
and  shaped  to  approximate  dimensions  on  a  potter^s  wheel  or  shaving 
machine  and  are  then  further  dried.  The  excess  of  mechanically  mixed 
water  having  been  evaporated  off,  they  are  then  ready  for  the  kilns.  The 
kilns  are  cone  shaped  (see  A  «f  PI.  XIX),  and  their  inside  measurements 
vary  from  12  to  20  feet  in  height  and  10  to  18  feet  in  diameter  (see  B 
of  PI.  XIX).  When  the  kiln  is  filled  the  entrance  is  closed  and  sealed 
and  the  fires  are  started.  The  temperature  is  allowed  to  rise  but  slowly, 
until  all  the  water  of  mechanical  admixture  and  of  crystallization  in  the 
foreign  materials  (see  p.  175)  is  driven  off,  when  the  temperature  is 
raised  to  about  3,000**  F.  or  to  a  white  heat.  This  heating  process  re- 
quires several  days.  When  the  foreign  minerals  mixed  with  the  corun- 
dum contain  water  of  composition  that  is  only  driven  off  at  a  very 
high  temperature,  the  wheels  are  apt  to  be  broken  by  this  water 
coming  off  when  the  temperature  of  the  kiln  is  raised  rapidly  to  the 
fusing  point  of  the  clay.  The  clay  and  other  fluxes  fuse  and  form  a 
porcelain  setting  for  each  grain  or  fragment  of  corundum,  which  makes 
a  very  strong  bond.  The  kilns  are  allowed  to  cool  very  slowly,  a  number 
of  days  being  required  for  this.  The  kiln  is  then  opened  and  the  wheels 
are  brought  to  a  lathe,  called  the  "  truing  machine,"  where  they  are 
turned  to  the  exact  dimensions  desired,  the  hole  is  bushed  to  the  exact 
size  and  the  wheel  is  then  trued  and  balanced  ready  for  shipping. 

The  heat  necessary  for  the  fusion  in  making  the  vitrified  wheel  appar- 
ently has  no  effect  upon  the  corundum  beyond  a  partial  decolorization 
and  the  expulsion  of  the  slight  percentage  of  water  it  sometimes  contains. 

THE  CHEMICAL  WHEEL. 

This  wheel  is  manufactured  by  what  is  called  the  silicate  process,  sili- 
cate of  soda  being  used  as  the  binding  material.  The  silicate  is  thor- 
oughly mixed  with  the  emery  or  corundum  and  with  some  drying  ma- 
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terial  and  stamped  into  molds.  It  is  then  subjected  to  an  ^^oven*' 
heat  for  twenty-four  hours,  after  which  it  is  removed  and  finished  accord- 
ing to  the  method  described  above  for  the  vitrified  wheels  after  their 
removal  from  the  kilns.  Wheels  have  been  made  by  this  process  that 
were  over  2,000  pounds  in  weight. 

THE    CEMENT    WHEEL. 

In  making  the  cement  wheel,  shellac,  rubber,  linseed  oil  and  other 
substances  are  used  as  the  binding  material.  This  makes  a  soft  wheel 
that  is  well  adapted  for  roll  and  surface  grinding,  when  made  with  shel- 
lac, and  for  saw  gummers  and  thin  wheels  when  made  with  oils. 

AVAILABILITY  OF  CORUNDUM  FOR  WHEEL  MANUFACTURE. 

Although  an  examination  of  a  corundum  property  may  show  the 
existence  of  considerable  quantity  of  the  mineral,  no  mining  should  be 
undertaken  imtil  satisfactory  tests  liave  been  made  of  the  corundum  to 
prove  that  it  has  those  properties  that  will  make  it  of  value  as  an 
abrasive. 

The  value  of  a  corundum  deposit  as  an  ore  for  abrasive  purposes  de- 
pends upon  that  property  of  the  mineral  which  enables  it  to  retain  a 
sharp  edge,  known  as  a  cutting  edge,  when  it  is  crusted  to  grains.  All 
corundums  do  not  have  this  property,  and  though  many  exhibit  it  in  the 
first  stage  of  crushing,  their  finer  fragments  and  grains  do  not.  This  is 
more  apparent  when  the  corundum  has  been  made  into  a  wheel,  for, 
when  first  used  the  wheel  may  do  good  work  (especially  if  it  is  a  coarse- 
grained wheel),  but  as  it  wears  away,  the  grains  of  corundum,  instead 
of  breaking  to  a  cutting-edge,  become  rounded.  In  estimating  the  value 
of  a  corundum  deposit  it  is  therefore  very  important  to  determine  its 
abrasive  qualities.  Neither  a  superficial  examination  nor  a  chemical 
analysis  of  a  corundum  ore  is  sufficient  to  determine  its  cutting  qualities, 
which  can  be  ascertained  only  by  making  the  corundum  into  a  wheel  and 
testing  this. 

In  estimating  the  value  of  an  ore  it  is  also  necessary  to  determine  to 
what  degree  of  purity  it  can  be  cleaned,  or  what  percentage  of  the  com- 
mercial product  will  be  corundum,  and  also  what  will  be  the  nature  of 
the  foreign  minerals.  No  matter  what  the  foreign  mineral  may  be,  it 
will  be  softer  than  the  corundum  and  it  will  to  a  certain  extent  reduce 
its  abrasive  powers,  but  beyond  this,  the  presence  of  a  small  percent 
does  not  materially  effect  the  value  of  the  corundum  for  making  a 
cement  or  chemical  wheel,  but  is  often  the  reason  for  discarding  it  for 
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the  manufacture  of  a  vitrified  wheel,  on  account  of  the  low  fusibility  of 
the  foreign  substance.  Garnet  is  perhaps  the  most  objectionable  ma- 
terial in  a  corundum  ore,  for  it  is  practically  impossible  to  separate  it 
from  the  corundum,  as  the  specific  gravity  of  the  two  is  nearly  the  same. 
Then,  again,  any  commercial  corundum,  containing  even  but  little  garnet 
cannot  be  used  in  the  manufacture  of  the  vitrified  wheel. 

OTHER    USES  OF  CORUNDUM. 

An  attempt  has  been  made  to  use  corundum  as  a  source  of  aluminum, 
but  on  account  of  its  refractoriness,  the  percentage  of  ferric  oxide  and 
silica  that  it  is  apt  to  contain,  and  more  especially  on  account  of  the  cost 
of  the  ore,  it  has  not  been  found  feasible  to  use  it  for  this  purpose. 

Mr.  Alfred  E.  Hunt,"  of  Pittsburgh,  Pa.,  who  is  connected  with  the 
Pittsburgh  Reduction  Company,  has  made  the  following  statement: 

The  real  difficulty  which  we  find  in  the  use  of  corundum  for  this  manufac- 
ture is  the  cost  of  the  raw  material  as  compared  with  that  of  native  bauxites. 
In  this  item  we  include  not  only  the  price  of  corundum  as  it  has  been  offered 
to  us,  but  also  the  expense  of  grinding  it  to  an  impalpable  powder,  which  must 
be  done  before  it  can  be  used  directly  in  the  manufacture  of  aluminum,  and 
the  cost  of  preliminary  chemical  treatment  for  putrification — which  latter 
operation,  however,  is  also  required  for  bauxite.    . 

Corundum  has  also  been  used  as  the  source  of  aluminum  in  the  manu- 
facture of  aluminum-copper  and  aluminum-iron  alloys.  In  the  manu- 
facture of  these  the  corundum,  without  undergoing  any  previous  treat- 
ment, was  charged  into  an  electric  furnace  with  a  mixture  of  carbon  and 
copper  or  carbon  and  iron,  according  as  aluminum  bronze  or  ferro-alum- 
inum  was  desired.  Since  1890,  however,  when  alumina  began  to  be  manu- 
factured at  a  comparatively  low  price,  this  artificial  oxide  has  been  used 
in  the  place  of  the  corundum. 

» Trans.  Am.  Inst.  Mln.  Eng.,  Vol.  XXVIII,  1898,  p.  875. 


CHAPTER  VII. 

MODES  OF  OCCUERENCE  OF  CORUNDUM. 

A  generation  ago  corundum  was  regarded  as  a  comparatively  rare 
mineral,  that  occurred  abundantly,  with  the  exception  of  the  emery  va- 
riety, only  in  the  basic  magnesian  rocks,  such  as  the  peridotites  and  their 
serpentine  derivatives;  now  it  is  known  to  occur  in  quantity  in  syenites 
and  other  igneous  rocks,  as  well  as  in  various  gneisses  and  schists.  It  has 
been  found  in  many  crystalline  rocks,  and  in  some  of  them  as  an  original 
mineral,  but  it  is  only  within  the  past  few  years  that  it  has  come  to  be 
regarded  as  an  essential  rock-constituent;  as  in  the  syenites  of  Ontario, 
Canada,  and  in  similar  rocks  in  California,  Montana,  and  other  regions. 
In  some  cases  it  is  undoubtedly  a  product  of  metamorphism. 

Descriptions  of  its  various  modes  of  occurrence  are  given  below,  and 
some  of  these  are  discussed  in  Chapter  X,  in  connection  with  the  ques- 
tion of  origin  of  corundum.  The  descriptions  are  given  in  the  follow- 
ing order:  (1)  Modes  of  occurrence  in  North  Carolina;  (2)  other 
occurrences  in  America;  (3)  modes  of  occurrence  not  found  in  America. 

MODES  OF  OCCURRENCE   IN    NORTH   CAROLINA. 

At  the  present  time  corundum  is  known  to  occur  in  North  Carolina 
in  the  following  rocks,  descriptions  of  which  follow  in  the  order  ^ven. 
The  localities  referred  to  are  indicated  on  the  map,  PI.  II. 

Corundum-hearing  rocks  in  North  Carolina. 

Igneous. 


Peridotite. 
Pyroxenite. 


Serpentine. 

Gneiss. 

Mica-schist. 


Metamorphic. 


Amphibolite. 
Anorthosite. 
Pegmatite. 

Quartz-schist. 

Amphibole-schist. 

Chlorite-schist. 


Alluvial. 
Gravel  deposits. 


Undetermined. 
Emery. 
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CORUNDUM  IN  IGNEOUS  BOCKS. 

CORUNDUM  IN  PERIDOTITE. 

As  described  in  Chapter  I,  the  peridotites  and  associated  basic  rocks 
occur  as  oval^  lenticular^  and  irregular  masses  and  sheets  in  a  region  of 
metamorphic  rocks  composed  chiefly  of  biotite-gneiss.  As  subordinate 
facies  of  this  nonfial  gneiss,  however,  more  or  less  extensive  areas  of 
hornblende-gneiss,  mica-schist,  and  quartz-schist  are  developed.  Perido- 
tites are  found  enclosed  by  or  in  contact  with  all  of  these  various  types. 
On  account  of  greater  resistance  to  weathering,  as  pointed  out  in  Chap- 
ter I,  it  often  happens  that  hornblende-gneiss  is  most  conspicuous  in 
outcrops,  even  where  relatively  unimportant  in  extent.  Hence  it  has 
often  been  reported  that  the  peridotites  are  always,  or  at  least  in  most 
cases,  associated  with  hornblende-gneiss. 

The  gneiss  is  usually  considerably  decomposed  near  the  contact;  and, 
while  retaining  the  appearance  of  the  unaltered  rock,  it  readily  crumbles 
when  handled.  The  peridotite  is  also  generally  altered  near  the  contact, 
but  in  a  manner  quite  different  from  the  gneiss.  In  fact  it  usually 
shows  a  strong  tendency  to  completely  decompose,  so  that  only  a  residue 
of  quartz  or  chalcedony  and  an  ocherous,  clay-like  substance  remains. 
This  contact  decomposition  is  altogether  different  from  and  independent 
of  the  alteration  to  serpentine,  which  almost  universally  characterizes 
the  peridotites  of  this  region.  Only  a  moderate  degree  of  serpentiniza- 
tion,  however,  is  usually  observed — not  enough  in  the  majority  of  cases 
to  be  visible  to  the  naked  eye — and  in  only  a  few  localities  has  it  pro- 
ceeded to  the  extent  of  entirely  replacing  the  original  rock.  For  more 
detailed  descriptions  and  studies  of  these  alterations,  see  Chapter  IV. 

The  corundum  in  these  peridotites  does  not  occur  as  an  accessory 
mineral  or  rock-constituent,  but  is  concentrated  either  near  the  contact 
of  the  peridotite  and  the  enclosing  gneissic  rocks  or  in  pockets  within 
the  mass  of  the  peridotite.  A  series  of  secondary  minerals,  however, 
has  been  developed  both  along  the  contacts  and  with  the  corundum 
masses  within  the  peridotite,  so  that  the  corundum  is  not  usually  found 
in  direct  contact  with  either  the  peridotite  or  the  gneiss,  nor  are  these 
rocks  in  contact  with  each  other.  The  secondary  minerals  are  chiefly 
chlorites,  vermiculites,  enstatite,  and  talc,  and  are  not  in  any  sense  the 
results  of  contact  metamorphism.  It  is  customary  to  refer  to  these 
corundum-bearing  zones  as  "  veins,"  and  that  term  is  used  here  merely 
for  convenience,  without  implying  any  particular  character  or  origin. 
Those  occurrences  about  the  borders  of  the  peridotites  are  designated  as 
peripheral  or  border  veins,  and  those  wholly  within  the  peridotite,  as 
interior  veins. 


M.  C  GEOUXIICAL  SURVEY 


VOLUME  L     PLATE  X 


MODES  OP  OCCUBRBSCE  OF   CORUNDUM.  801 

The  veins  of  these  two  classes  differ  somewhat  in  appearance  and 
general  character.  The  interior  veins  trend  approximately  toward  the 
center  of  the  peridotite  mass,  generally  growing  gradually  thinner  in  thia 
direction  until  they  pinch  out  altogether.  This  character  was  distinctly 
observed  at  Buck  Creek,  Clay  County,  North  Carolina,  and  at  Laurel 
Creek,  Eabun  County,  Georgia  (see  PI,  XX,  A  and  B).  In  the  peri- 
pheral veins,  however,  the  corundum  seems  to  extend  downward  indefi- 
nitely along  the  plane  of  contact,  varj'ing  irregularly,  and  sometimes 
very  greatly  both  vertically  and  horizontally,  but  exhibiting  no  marked 
tendency  to  thin  out  in  any  particular  direction.  The  peripheral  veins 
often  give  ofE  branches  into  the  peridotite,  which  gradually  thin  out 
toward  the  center  of  the  mass,  and  exhibit  the  usual  characteristics  of 


Fia.   19.— Id. 


interior  veins.  These  distinctions  between  the  two  types  of  veins  have 
been  observed  by  many  of  those  who  have  rained  and  prospected  for 
corundum  in  this  region. 

In  a  cross-section  (fig.  19)  of  a  peripheral  or  border  vein  the  following 
is  the  usual  sequence,  from  the  gneiss  to  the  peridotite : 

a.  Gneiss,  hornblendic  or  micaceous,  apparently  unaltered. 

b.  Gneiss  of  same  general  appearance  as  a,  but  so  decomposed  that  the 
particles  readily  separate  from  one  another. 

c.  Yellowish  vermiculites,  varying  considerably  in  thickness,  with  a 
maximum  of  G  or  8  inches,  often  merging  gradually  into  d;  sometimes 
entirely  absent,  so  that  b  and  d  are  in  contact. 

d.  Green  chlorites,  varying  in  thickness,  much  like  c,  and  eometimea 
entirely  absent. 
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e.  Chloritee  and  corundum,  often  with  some  vermicidites,  varying  in 
thickness  from  a  few  inches  to  12  or  15  feet.  This  is  the  "corundum- 
vein  "  of  the  miners,  and  in  places  eonsiets  largely  of  conindam. 

/.  Green  chlorites,  1  inch  to  12  inches  in  thickness ;  bo  far  as  observed, 
always  present. 

g.  Enstatite,  in  places  hard  and  compact,  several  feet  thick,  and  usu- 
ally merging  into  h. 

h.  TalcDse  rock,  usually  fibrous,  and  varying  from  a  few  inches  to 
several  feet  in  thickness. 

{.  A  seam  of  yellowish  clay  a  few  inches  in  thickness,  often  carrying 
masses  of  quartz  or  chalcedony.  This  seam  is  frequently  absent  alto- 
gether. 


Fio.  20. — IdMl  eroaa-Mciion 


the  Cocimdam  Hill 


;.  Dunite,  more  or  less  altered,  friable  and  stained  with  ferric  oxide. 

k.  Fresh  dunite,  usually  exhibiting  no  alteration  visible  to  the  un- 
aided eye.     This  constitutes  the  main  mass  of  the  peridotite. 

As  stated  above,  c  and  d  are  quite  variable  and  sometimes  absent 
altogether.  When  this  is  the  case,  e,  the  "corundum-vein,"  consisting 
of  chlorites,  vennicnJites  and  corundum,  is  in  direct  contact  with  the 
gneiss  b.  The  chlorite  /,  however,  is  always  present  on  the  peridotite 
side  of  the  corundum-bearing  zone.  Not  only  are  the  separate  zones 
above  enumerated  extremely  variable  in  thickness,  but  the  aggregate 
thickness  of  the  vein  is  exceedingly  inconstant,  ranging  from  3  or  4 
feet  to  30  or  40  feet  in  thickness  sometimes  in  short  distances.  The 
accompanying:  diagram  (fig.  19)  represents  the  cross-section  of  a  border 
vein  observed  at  the  Corundum  Hill  mine,  Cullasaja,  Slacon  County. 
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Photographs  of  mining  on  such  veins  at  Corundum  Hill  are  shown  in 
Plates  XXVI  and  XXVII. 

In  all  of  these  peripheral  or  border  veins  the  plane  of  contact  between 
the  hydrous  secondary  minerals  and  the  gneiss  is  very  sharp  and  dis- 
tinct. The  minerals  developed  between  the  corundum-bearing  zone 
and  the  peridotite  are  invariably  in  greater  abundance,  and  differ  in  char- 
acter from  those  between  this  zone  and  the  gneiss. 

An  interior  vein  was  exposed  in  a  shaft  near  the  southern  part  of 
Corundum  Hill  for  a  distance  of  20  to  25  feet,  exhibiting  the  following 
cross-section,  from  either  side  toward  the  center  (fig.  20) : 

1  and  11.  Normal  dunite. 

2  and  10.  Dunite,  somewhat  friable  and  discolored,  passing  into  3 

and  9. 

3  and     9.  Fibrous  talcose  rock,  merging  into  4  and  8. 

4  and    8.  Grayish  enstatite,  somewhat  fibrous. 

5  and     7.  Green  chlorites,  6  to  15  inches  in  thickness. 

6.  Central  corundum-bearing  zone,  consisting  of  chlorites,  cor- 
undum, and  spinel,  6  to  8  feet  thick. 

The  symmetry  of  the  vein  is  very  marked,  the  different  zones  of  min- 
erals being  encountered  in  the  same  order  and  in  approximately  the  same 
thickness  in  approaching  the  central  corundum-bearing  zone  from  the 
dunite  on  either  side.  It  will  be  observed  that  the  succession  of  mineral 
on  either  side  of  the  center  is  the  same  as  on  the  peridotite  side  of  the 
corundum-bearing  zone  in  the  border  or  peripheral  veins.  In  these  char- 
acteristics the  cross-section  given  above  is  typical,  being  the  same  in  all 
the  interior  veins  examined. 

Sometimes,  instead  of  the  talcose  rock  (3  and  9,  in  above  cross-section), 
serpentine  may  be  the  limit  of  the  vein  next  to  the  dunite.  In  one  of 
the  interior  veins  at  Corundum  Hill,  near  the  west  side  of  the  outcrop, 
the  corundum-bearing  chlorite  and  vermiculite  zone  is  in  direct  contact 
with  serpentine  on  both  sides.  The  zone  is  also  divided  and  almost 
pinched  out  in  one  place  by  the  serpentine. 

An  important  variation  from  the  normal  modes  of  occurrence  with 
peridotite,  as  just  described,  which  has  been  observed  at  a  number  of 
localities,  is  the  development  of  a  zone  of  corundum-bearing  plagioclase. 
This  is  found  either  in  the  corundum-bearing  zone  of  chlorites  and  ver- 
miculites  (e  and  6  of  above  cross-sections)  or  entirely  replacing  these 
zones.  The  feldspar,  in  the  specimens  determined,  is  a  basic  lime-soda 
species,  is  sometimes  fine  grained  and  compact,  at  others  very  coarsely 
crystallized,  and  varies,  in  different  localities,  from  a  few  inches  to  sev- 
eral  feet  in  thickness.     In  addition  to  the  corundum  it  is  found  to  con- 
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attaining  a  thickness  of  4  feet,  is  developed  along  portions  of  the  perido- 
tite  boundary.  This  biotite  zone  incloses  hard  nodules  of  blackish  green 
hornblende  and  emerald-green  actinolite,  and  other  nodules  consisting 
of  large  imperfect  crystals  of  corundum,  light  gray  in  color,  with  spots 
and  streaks  of  blue,  wrapped  in  green  chlorite.  Still  other  nodules 
consist  of  friable  masses  of  grass-green  actinolite  and  of  snow-white 
finely  granular  anorthite.  The  corundum  occurs  in  comparatively  small 
amount.  Professor  B.  K.  Emerson '  states  that  "  So  much  has  been 
found  ....  that  many  bags  have  been  sold  for  crushing." 

CORUNDUM  IN  PYROXENITE. 

At  many  of  the  corundum-bearing  peridotite  localities  in  Macon, 
Jackson,  and  Transylvania  counties,  a  pyroxenite  composed  of  inter- 
locking coarse-bladed  enstatite  constitutes  an  important  part  of  the 
outcrop;  and  at  a  number  of  places  the  pyroxenite  alone  forms  oval 
and  lenticular  masses  in  every  way  similar  to  those  composed  of  perido- 
tite. In  both  cases,  corundum-bearing  zones  of  secondary  minerals  are 
frequently  formed  along  the  borders  of  the  pyroxenite,  intersecting  the 
mass  of  the  rock  in  exactly  the  same  manner  as  described  above  for 
peridotites. 

Corundum  has  also  been  observed  sparingly  in  the  pyroxenite  itself  in 
at  least  two  localities;  namely,  at  the  Rattlesnake  mine,  near  Sapphire, 
Jackson  County,  and  at  a  locality  on  the  West  Fork  of  French  Broad 
River,  in  Transylvania  County. 

Corundum  is  also  intimately  associated  with  a  hypersthenite  dike 
cutting  the  gneisses  on  Thumping  Creek,  Clay  County,  where  it  occurs 
in  a  zone  of  fine  scaly  brown  mica  developed  along  the  plane  of  contact 
between  the  dike  and  the  gneiss.  It  is  also  found  in  very  small  amount 
in  the  hypersthenite  itself.  The  dike  is  a  very  dark,  fine-grained  rock, 
which  the  microscope  shows  to  be  composed  of  strongly  pleochroic  hy- 
persthene  about  half  altered  to  a  green  amphibole  (see  p.  72). 

CORUNDUM  IN  AMPHIBOLITE. 

Associated  with  the  peridotites  of  portions  of  Clay  County,  Xorth 
Carolina,  and  Towns  County,  Georgia,  are  numerous  dikes  of  green 
amphibolite,  varying  from  25  to  300  feet  in  thickness.  These  usually 
occur  along  the  contact  of  the  peridotite  and  gneiss,  or  within  the  perido- 
tite near  the  contact.  The  chief  constituent  of  these  dikes  is  a  bright- 
green   aluminous   amphil)ole    (edenite),   which  is   often  colored  grass- 

»  Bull.  U.  S.  <»eol.  Survey  No.  26,  1895,  p.  68. 
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green  by  the  presence  of  smati  amounts  of  chromium.     A  more  detailed 
description  of  these  rocks  is  given  on  page  SI. 

The  rock  is  usually  very  fine  grained  and  exceedingly  tough,  and  is 
often  distinctly  laminated.  The  corundum  occurs  ns  an  accessory  min- 
eral in  portions  of  the  rock  at  several  localities,  varying  from  micro- 
scopic grains  to  masses  several  inches  in  diameter  (fig.  23).  Parting 
is  usually  well  developed  in  the  larger  grains  and  masses  parallel  to  the 
faces  of  the  unit  rhombohedron.  The  prevailing  color  of  the  corundum 
is  deep  pink,  but  it  varies  from  almost  white  to  dark  rul)y-red.  On  ac- 
count of  the  contrast  of  tliese  colors  with  the  bright  green  of  the  amphi- 
bole,  they  often  make  handsome  mineral  specimens.     Very  rarely  deep 
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blue  conindmn  has  been  found  in  these  ampliiholitcs.  The  exceeding 
toughness  of  the  rocks,  however,  and  the  low  percentage  of  corundum 
have  thus  far  prevented  them  from  being  utilised  as  a  commercial 
source  of  this  mineral. 

Four  miles  northea.'t  of  Canton,  Haywood  County,  corundum  occurs 
in  small  pegmatite  dik>T-  ( I'n.-sley  mine.  |i.  '-Oi^}  l)ir<Mit;li  a  dark-gr«;n 
amphibolitc.  The  roik  i^-  tu'-ilimi]  to  tini'  ^.Tuiinni  and  Iiiik  Itrown  mica 
disseminated  iliroutrli  it  in  vf^ry  small  '■/■nlh-'.  In  ^reneral  diiirai'tcr  it  is 
very  similar  to  iln;  aiupbiiyiliujs  of  In-fli-!l  (Vmnly,  discriU^l  l.'-low. 

At  the  L-bcl  mint-,  at  tl.';  hwl  of  Shootin;'  Cr-;<-k.  in  Chiy  County, 
conmdum  occurs  irregularly  and  Bpariuyly  'ii--(-rrjiiiiii<-'I  Uirmii'li  a  di;- 
composed  honiUendic  rock  in  .■^mall  ;.'r3iii-.  iind  ma-c--.  T)j<-  kast 
decayed  portion--  of  i:,':  rock  swiu  to  jfc-^'-'ir  ihi;  charaoturn  of  an  ato- 
phibolite,  but  this  could  not  be  detf;rmin';d  witli  ficrUiiwty.  Tht  cjrun- 
dnm  occurs  through  the  mass  of  thi-  rvk  af^ros"  an  out«rfjp  abfjiit  l-'iU 
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vermiculite  zones,  carrying  corundnra  in  rounded  masses,  crystals,  and 
clusters  of  crystals;  c,  c  are  radiating  sheaths  of  actinolite,  enclosing 
rounded  masses  of  more  or  less  decomposed  amphibolite,  d,  often  reduced 
to  a  mass  of  ocherous  clay  containing  needles  of  hornblende  and  brown 
scales  of  vermiculite. 

Dr.  P.  von  Camerlander  *  describes  the  occurrence  of  corundum  in  the 
amphibolites  of  the  northwestern  part  of  Austrian  Silesia.  It  is  found 
in  white  or  bluish  grains  and  masses  up  to  the  size  of  a  hazelnut.  Cor- 
undum with  hercynite  also  occurs  in  the  amphibolites  at  Ronsberg,  at 
the  eastern  foot  of  the  Bohmerwald,  in  Bohemia. 

CORUNDUM    IN    AN0RTH08ITE. 

As  pointed  out  in  Chapter  II,  page  31,  the  amphibolite,  with  its  pre- 
vailing light-green  amphibole  and  small  amount  of  feldspar,  that  so 
frequently  accompanies  and  intersects  the  peridotites  of  Clay  County, 
N.  C,  and  of  Towns  County,  Ga.,  becomes  in  places  highly  feldspathic ; 
and  by  the  dwindling  and  disappearance  of  the  amphibole,  it  passes  into 
the  anorthosite  facies  at  several  localities. 

Anorthosites  of  this  character,  with  more  or  less  corundum  in  grains 
and  irregular  masses  distributed  through  the  rock,  are  found  on  the 
western  slopes  of  the  Chunky  Gal  Mountain  and  in  association  with 
some  of  the  amphibolites  of  the  Buck  Creek  area.  These  rocks  are 
always  greatly  subordinate  in  amount  to  the  associated  amphibolites  and 
peridotites,  and  never  constitute  more  than  an  insignificant  part  of 
the  outcrops. 

An  occurrence  that  may  be  contrasted  in  some  respects  with  the  above 
is  found  in  South  Sherbrooke,  Lanark  County,  Ontario,  Canada,  in  a 
rock  composed  largely  of  basic  plagioclase  and  a  little  green  hornblende, 
being  somewhat  more  basic  than  the  typical  Canadian  anorthosite.  The 
corundum  occurs  sparingly  in  the  rock  in  crystals  of  almost  uniform 
size — about  ^  inch  in  length.  In  color  they  are  light  gray  to  almost 
white,  sometimes  light  pink. 

Similar  to  this  Canadian  occurrence  is  the  corundum-anorthite  rock 
described  by  Dr.  Jose  J.  Morozewicz'  from  a  locality  on  the  Barsowka 
River,  in  the  Urals,  Russia.  The  percentage  of  corundum  in  these 
rocks  of  the  Urals  seems  to  give  promise  of  economic  importance. 

CORUNDUM    IN    PEGMATITE. 

The  occurrences  of  corundum  in  pegmatite  are  extremely  rare,  but  it 
has  been  found  in  this  rock  in  two  localities  in  Haywood  County,  North 

« Verb.  geol.  ReicbsaDSt.,  1886,  p.  856. 
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Carolina.  One  of  these  is  at  Retreat,  on  Pigeon  River,  6  miles  south- 
east of  Waynesville,  where  corundum  occurs  in  small  pegmatite  dikes, 
cutting  the  saprolitic  gametiferous  gneisses  or  schists.  Accompanying 
these  dikes  are  thin  seams  of  vermiculites  that  also  carry  corundum  (see 
p.  256). 

The  other  locality  is  4  miles  northeast  of  Canton,  at  the  Presley  mine, 
where  corundum  occurs  in  a  pegmatite  dike  which  intersects  a  mass  of 
dark-green  amphibolite.  The  corundum  is  found  surrounded  by  both 
feldspar  and  mica  (see  p.  257). 

CORUNDUM  m  METAMORPHIC  ROCKS. 

CORUNDUM   IN    SERPENTINE. 

At  a  number  of  localities  in  North  Carolina  and  Georgia,  crystals  and 
fragments  of  corundum  surrounded  by  serpentine  have  been  found  in 
peridotites,  the  form  of  occurrence  being  similar  to  that  described  above 
from  Buck  Creek,  Clay  County.  Nowhere,  however,  has  corundum  been 
found  in  the  southern  Appalachian  region  associated  with  the  larger 
masses  of  serpentine  that  have  been  derived  from  the  alteration  of  the 
peridotites,  as  in  Buncombe  County,  described  in  Chapters  II  and  III. 

In  Pennsylvania,  however,  in  Chester  and  Delaware  counties,  corun- 
dum has  been  found  in  considerable  quantities  in  massive  serpentines, 
in  relations  practically  identical  with  those  seen  at  the  occurrences  of 
corundum  with  peridotites  and  pyroxenites  in  North  Carolina  and 
Georgia;  and  many  of  these  Pennsylvania  serpentines  have  undoubtedly 
been  derived  from  original  peridotites  and  pyroxenites. 

CORUNDUM    IN    GNEISS. 

Corundum  has  been  found  at  a  number  of  places  in  the  ordinary 
gneisses  of  the  crystalline  belt  in  which  the  peridotites  occur.  As  stated 
in  Chapter  I,  "  Geology  of  the  Corundum  Belt,^^  the  gneisses  are  ex- 
tremely variable  in  character,  passing  frequently  into  mica-schist  and 
at  times  into  quartz-schist.  Such  transitions  are  sometimes  very  sud- 
den, but  usually  there  are  thin  zones  of  rock  of  intermediate  character; 
and  in  some  cases  it  is  difficult,  if  not  impossible,  to  decide  just  what 
should  be  called  gneiss  and  what  mica-schist.  It  can  not,  therefore,  be 
claimed  that  the  classification  used  here  is  in  every  case  strictly  accurate; 
and  it  may  be  that  some  occurrences  here  described  as  in  mica-schist 
might  have  been  placed  by  others  under  the  head  of  gneiss,  and  vice 
versa.  Some  rocks  that  were  at  first  thought  to  be  gneisses  are  now 
regarded,  perhaps  more  properly,  as  quartz-schists  (see  page  215). 
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In  the  eastern  part  of  (.'lay  County,  on  the  southern  slope  of  Gross 
Ridge,  a  spur  of  Chunky  Gal  Mountain,  just  above  Thumping  Creek, 
corundum  has  been  found  in  the  gneiss  at  a  numl>er  of  points.  The 
rocks  are  so  decomposed  and  so  covered  with  soil  that  the  exact  relation 
of  the  corundum-bearing  to  the  normal  gneiss  could  not  be  definitely 
made  out;  but  the  former  seems  to  occupy  narrow  zones  in  the  latter. 
The  gneiss  is  distinctly  laminated  and  very  fine  grained,  except  the  por- 
tions immediately  surrounding  the  corundum,  where  its  constituents 
are  much  more  coarsely  crystallized,  especially  the  biotite.  It  is  a 
hornblende-gneiss,  showing  but  little  mica  except  where  it  is  associated 
with  corundum. 

The  corundum  occurs  in  nodules  and  crvstals  half  an  inch  or  less  in 
diameter,  sometimes  wrapped  with  muscovite,  in  a  manner  similar  to 
that  described  in  the  discussion  of  its  occurrence  with  chlorite-schists 
(p.  219).  The  crvstals  are  prismatic,  the  length  of  the  prism  being 
usually  twice  or  three  times  its  diameter.  Occasionally  they  are  verj' 
flat,  the  prism  then  having  a  length  of  not  over  a  quarter  of  an  inch 
and  a  diameter  of  half  an  inch.  From  the  appearance  of  these  crystals 
this  form  of  corundum  is  known  locallv  as  "  button-corundum.^' 

Near  the  head  of  Muskrat  P^rk  of  Shooting  Creek,  Clay  County,  the 
gneiss  is  cut  by  two  parallel  dikes  of  dark,  fine-grained  hypersthenite, 
about  10  feet  thick  and  500  to  000  feet  apart,  that  extend  about  half 
way  up  the  adjoining  slope  of  Chunky  Gal  Mountain.  The  dike-rock 
consists  of  rounded,  irregular  grains  of  strongly  pleochroic  hypersthene, 
nearly  half  of  which  has  been  altered  to  a  grwn  amphibole  (see  p.  72). 
Corundum  occurs  in  the  gneiss  between  these  dikes  and  in  a  band  of 
black  biotite  intimately  associated  with  a  small  vein  of  pegmatite,  2  feet 
thick.  The  biotite  is  developed  in  large  scales  and  plates  and  carries 
nodules  of  corundum,  some  as  much  as  lialf  an  inch  in  diameter,  sur- 
rounded bv  scales  of  white  mica  (see  A  of  PI.  XXI).  Some  of  the  corun- 
dum  is  also  in  the  form  of  slender  hexagonal  crystals,  known  locally  as 
"  rat-tail  corundum."  This  property  was  operated  about  twelve  years 
ago  as  the  Meminger  and  Hooker  mine. 

Corundum  has  also  been  observed  in  the  hypersthenite  of  the  lower  dike 
close  to  its  contact  with  the  gneiss,  and  is  developed  in  considerable 
abundance  in  a  zone  of  fine,  scaly,  brown  biotite  formed  along  the  plane 
of  this  contact. 

Due  north  of  this  locality,  on  Muskrat  Fork  of  Shooting  Creek,  cor- 
undum is  found  in  the  friable,  dccomi)osed  gneisses,  and  pros})ecting  has 
disolov<cd  its  presence  over  a  considerable  area. 

Near  the  head  of  Muskrat  Fork,  on  the  western  slope  of  Chunky  Gal 
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Mountain,  zonrs  of  hrown  hiotito  ilt'volo|K»(l  in  tlu*  p:noiss  oarrv  large 
uodulfs  and  irir«rular  masses  of  «rarnot.  wliioli  frccjuently  contain  conui- 
duni  in  small  «rrains  and  thin  tabular  massos.  Tlio  «xarnc't  also  con- 
tains sonic  sj)incl  and  frc<iucntly  some  pyritc. 

At  Corundum  Hill  mine,  Macon  Countv.  one  of  the  chief  sources  of 
corundum  has  heen  the  ])eri|)hcTal  or  honler  vein  devclo])ed  along  the 
southeastern  hordcr  of  the  peridotiU'  (see  maj),  IM.  VI).  When  this 
mine  was  visited  in  1SI>."),  thi*  tunnel  following  this  vein  had  enci.umtered 
a  tough,  hornhlendic  nu-k  in  the  gneisses  adjoining  the  ])eri«lotite,  vary- 
ing in  character  from  a  hornhlende-gni»iss  to  a  nuissive  am]»hiholite  and 
bearing  corundum  in  considerahle  ahundance,  in  grains  and  small  crys- 
tals. At  the  tinu'  n'ferred  to  this  nuiterial  was  one  of  the  ])rinci|)al 
sources  of  corundum,  the  nx-k  heing  blasted  out  and  haule(l  to  the  mills 
on  wagons  for  crushing  and  cleaning.  The  (»xact  natun>  of  this  rock  is 
in  doubt,  'i'he  |H'ri«l(»tit«'  is  (everywhere  bounded  by  biotite-gneiss  and 
mica-schist,  so  far  as  a])|)ears  at  the  surface:  l»ut  as  bands  of  horn- 
blende-gneiss fret|Ui*ntly  a]»|)ear  in  the  biotite-gneiss,  it  might  very  well 
be  a  nuMuber  of  the  gneisses  |)n)|)er.  On  the  other  hand,  its  occasional 
massive  character,  with  its  abundance  of  corumlum,  make  it  closely 
resi*nd»le  the  amphibolites  that  form  dikes  in  an«l  alM)ut  so  uuiny  of  thb 
peridotites  in  Clay  County  and  th(»  adjoining  portions  of  Georgia. 

On  top  of  the  mountain  spur  2  miles  north  of  the  Corundum  Hill 
mine,  ^lacon  County,  there  is  an  outcro])  of  enstatite-talc  rock  about  50 
feet  wide.  TIk'  ])arlially  decom]>osed  friable  gneisses  at  the  eastern 
border  of  this  mass  are  corundum-'hearing  for  a  thickness  of  about  (5 
feet.     The  corun<lum  occurs  in  small  grains  and  is  not  abundant. 

In  Jackson  County,  just  north  of  Belts  (lap.  in  the  Cowei'  Mountains, 
splendid  grayish  translucent  crystals  of  corun<lum  have  been  found  in  a 
garnetiferous  gneiss.  On  Caiu-y  Fork  of  '^FuckasergiH'  RiviM*,  ,Iackson 
County,  at  the  mouth  of  Chastains  Creek,  and  also  at  a  point  'i  miles 
up  Chastains  Creek,  corundum  surrouniled  by  mu>coviti'  is  found  in 
small  grains  and  noduirs,  up  lo  an  inch  in  «liam«'ter,  in  bioiite-gneiss. 
The  nodules  are  often  drawn  out  into  small  lenticular  "  ev<'>."  The 
corundum  is  tonllned  ebii'llv  to  the  mi<-aceous  bands  (W  the  «niriss;  and 
on  account  of  tin*  greatcT  n'si>tani'e  of  its  mnsei)viti'  i-oating,  it  stan«ls 
out  in  prominmt  knots  ovrr  the  weathered  siirfan'-  of  iJie  gneiss.  A 
similar  oeeurnMier  i-  fonnd  in  tlir  gnris-  ai  tin*  niouih  of  ihe  \i)rth  Fork 
of  Kllijay  Crrck.  in  Maron  County.  ThriM'  niilrs  north  of  Ibis  bu-alitv, 
on  the  summit  of  Tuiki-y  Knob,  cornndum  i>  found  in  a  d(»eomposed 
liornblend«'-gnei--. 

Six  mill'.-  -outhrast  of  i»nrn-\ilK'.  Vaurrx   County,  nn  ('do  ridir*',  ni^ar 
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South  Toe  River,  corundum  is  found  in  almost  the  same  relations  as 
those  found  on  the  mountain  north  of  Corundum  Hill  mine,  described 
above.  Here  there  is  an  outcrop  of  enstatite  rock,  about  60  feet  wide, 
partly  altered  to  talc,  along  the  eastern  border  of  which  some  chlorite  is 
developed,  and  in  the  adjacent  decomposed  gneisses  corundum  is  found 
for  a  distance  of  2  or  3  feet  from  the  contact.  The  corundum  is  in  irreg- 
ular masses  and  imperfect  crystals  up  to  2  or  3  inches  long,  and  is 
often  more  or  less  enclosed  in  radiating  muscovite. 

Corundum  occurs  in  decomposed  gneiss  associated  with  no  other  recog- 
nizable rock,  three-fourths  of  a  mile  northwest  of  Bakersville,  Mitchell 
County,  on  the  Johnson  Cit}'  road.  So  far  as  could  be  ascertained,  the 
conditions  here  are  very  similar  to  some  of  those  on  Shooting  Creek,  in 
Clay  County,  described  above. 

Six  miles  southwest  of  Franklin,  Macon  County,  a  number  of  crystals 
and  irregular  masses  of  corundum  have  been  found  in  the  fields  about 
Nonah  Post-oflSce.  The  rock  seems  to  be  only  decomposed  gneiss,  and 
this  is  doubtless  the  source  of  the  corundum. 

Near  the  confluence  of  Owens  and  Parker  creeks,  which  form  the 
West  Fork  of  French  Broad  Kiver  in  Transylvania  County,  several  large 
boulders  of  light  green  cyanite  have  been  found  on  the  surface,  bearing 
grains  and  small  crystals  of  a  deep  sapphire-blue  corundum.  The  rocks 
of  the  vicinity  are  gneisses,  and  these  are  undoubtedly  the  source  of 
these  cyanite-corundum  aggregates. 

Several  other  scattered  occurrences  of  corundum  that  have  furnished 
occasional  specimens  may,  with  a  reasonable  degree  of  assurance,  be 
assigned  to  the  gneisses,  or  possibly,  in  some  instances,  to  mica-schists. 
These  localities,  so  far  as  noted,  are  as  follows;  corundum  with  cyanite 
on  Coweta  Creek,  Macon  County;  with  cyanite  on  Crowder,  Chubb,  and 
Kings  mountains,  Gaston  County;  several  localities  in  Iredell  County, 
in  some  cases  associated  with  cvanite. 

CORUNDUM  IN  MICA-SCHIST. 

Just  south  of  the  divide  in  the  Cowee  Mountains,  in  the  gap  at  the 
head  of  Ellijay  Creek,  Macon  County,  is  the  Haskett  "  mine,"  where 
corundum  is  found  in  a  decomposed,  friable  garnetiferous  mica-schist. 
The  corundum  is  buish  gray  and  occurs  in  grains  and  small  nodules. 
The  schist  sometimes  carries  scales  of  graphite,  and  in  places  is  quite 
gneissic  in  character.  Limestones  occur  within  half  a  mile  southwest 
of  this  locality,  and  at  intervals  for  2  miles  in  the  same  direction. 

Two  miles  southwest  of  Balsam  Gap,  in  Jackson  County,  masses  of 
cyanite  with  some  corundum  are  found  in  the  mica-schist  in  a  railroad 
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cut  a  few  hundred  feet  east  of  the  large  peridotite  mass.  The  schist  is 
sometimes  garnetiferous,  sometimes  shows  also  small  amounts  of  scaly 
graphite,  and  in  some  portions  a  gneissoid  character  is  developed.  Simi- 
lar masses  of  corundum-bearing  cyanite  have  also  been  found  on  the 
surface  in  the  vicinity. 

An  occurrence  in  many  ways  similar  to  the  last  is  found  at  Retreat, 
6  miles  southeast  of  Waynesville,  on  the  West  Fork  of  Pigeon  River,  in 
Haywood  County.  Corundum  with  and  without  associated  cyanite,  in 
irregular  masses  and  barrel-shaped  crystals,  is  found  over  the  surface. 
The  rocks  are  garnetiferous  mica-schist  with  gneissic  facies,  as  at  Balsam 
Gap,  and  are  intersected  in  places  by  small  pegmatite  dikes.  Much  of 
the  corundum  is  wrapped  in  a  thin  coating  of  a  very  compact  material 
resembling  damourite. 

Tapering  prismatic  crystals  of  grayish  blue  corundum  are  found  on 
the  surface  on  the  ridge  leading  northwest  from  Carpenters  Knob,  along 
the  borders  of  Burke  and  Cleveland  counties,  near  the  corner  of  Catawba, 
in  a  region  of  garnetiferous  mica-schist. 

It  is  quite  possible  that  some  of  the  corundum-schists  of  South  Africa, 
described  below  under  the  head  of  "  Modes  of  Occurrence  not  found 
in  America,^'  may  be  highly  corundiferous  facies  of  mica-schists  or 
quartz-schists,  and  hence  comparable  to  some  of  the  North  Carolina 
localities  described  above. 

For  comparison  also  may  be  mentioned  an  occurrence  described  by 
Dr.  Genth  *  from  a  locality  2  miles  from  Stuart,  in  Patrick  County,  Vir- 
ginia. Here  mica-schists,  sometimes  garnetiferous  and  gneissic,  are 
intersected  by  granite  dikes,  and  corundum  is  found  over  the  surface, 
associated  with  andalusite,  cyanite,  chloritoid,  and  mica.  The  corun- 
dum varies  greatly  in  color,  occurs  in  tapering  hexagonal  crystals  and 
irregular  masses,  and  sometimes  only  in  microscopic  grains  enclosed  in 
the  mass  of  associated  minerals. 

It  is  quite  possible  that  some  of  the  localities  where  surface  speci- 
mens of  corundum  have  been  found  with  cvanite,  as  described  above 
under  "  Corundum  in  Gneiss,"  may  belong  here.  Where  only  surface 
fragments  have  been  found,  assignment  to  their  original  rocks  must,  of 
course,  be  only  tentative  until  the  mineral  is  found  in  place. 

CORUNDUM    IN    QUARTZ-SCHIST. 

In  the  eastern  part  of  the  Shooting  Creek  Mountains,  near  the  State 
line  between  Clay  County,  North  Carolina,  and  Towns  County,  Georgia, 

•Am.  Jour.  Sd.,  Sd  ser..  Vol.  XXXIX,  1800,  pp.  47,  48. 
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numerous  zones  or  bands  of  cnstalline  rocks  have  been  found  to  1)C 
corundum-bearing.  The  rocks  vary  from  normal  gneiss  to  a  non-feld- 
spathic  type  which  is  best  described  as  a  quartz-schist,  composed  of  quartz 
with  biotite-mica.  Some  portions  are  rich  in  garnet,  and  there  are 
small  bands  of  white  quartzite.  They  are  distinctly  laminated,  and  are 
frequently  intersected  by  granitic  dikes,  some  of  which  are  Qoarsely  crys- 
tallized and  of  a  pegmatitic  character.  These  dikes  are  often  parallel 
with  the  lamination  of  the  schists,  though  many  of  them  cut  irregularly 
across  it.  When  the  dikes  are  parallel  to  the  lamination,  the  structure 
is  more  apparent.  The  general  strike  of  the  lamination  is  northeast- 
southwest,  and  the  dip  is  to  the  northwest,  at  an  angle  of  about  30**. 

Portions  or  bands  of  these  schists  are  corundum-bearing,  but  they  are 
irregularly  defined  and  gradually  merge  into  the  normal  rock.  Their 
relations  to  the  normal  schists  are  similar  to  those  that  the  garnet-bearing 
bands  bear  to  the  normal  gneiss  in  which  they  occur.  These  bands  vary 
in  thickness  from  1  foot  to  12  or  15  feet;  but  in  the  thicker  ones  the 
corundum-bearing  portion  is  interlaminated  with  zones  of  barren  rock 
and  granitic  dikes. 

These  corundum-bearing  bands  form  at  least  two  parallel  belts  about 
2  miles  apart,  and  can  be  traced  for  a  distance  of  5  or  6  miles  in  a 
northeast-southwest  direction,  sometimes  outcropping  continuously  for 
nearly  a  mile.  The  two  belts  differ  somewhat  in  the  proportions  of 
corundum  and  garnet ;  otherwise  they  are  identical.  The  percentage'  of 
corundum  is  never  high ;  and  from  determinations  made  on  samples 
from  various  parts  of  the  region,  it  was  found  to  vary  from  2  to  5  per 
cent. 

The  corundum  occurs,  for  the  most  part,  in  small  particles  and  frag- 
ments that  have  no  definite  shape,  and  are  of  a  gray,  white,  and  bluish 
white  color  to  almost  colorless.  It  also  occurs  in  crsytals  that  are  usu- 
ally fairly  well  developed  in  the  prism  zone,  and  vary  in  size  from  very 
minute  to  a  length  of  2i  inches  and  a  diameter  of  about  one-half  inch. 
Suggestions  regarding  the  origip  of  the  corundum  in  these  schists  are 
given  on  page  350,  Chapter  X. 

CORUNDUM    IN    AMPTIIBOLE-SCIIIST. 

At  the  Shellield  mine,  in  Cowee  Township,  Macon  County,  corundum 
has  been  mined  in  a  saprolitic  (or  decomposed)  rock  at  various  times 
for  a  number  of  years.  In  sinking  a  shaft  8  feet  square  to  penetrate 
the  depth  of  the  corunduni-l)earinfr  saprolite,  the  solid  unaltered  rock 
was  encountered.  The  shaft  was  87  feet  deep  and  showed  the  following 
sequence  downward    (fig.  '-^t)):  the  first  12  feet   (a)   was  through  sap- 
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rolite,  in  which  there  were  seams  of  kaolin:  the  next  2  feet  (h)  were 
corundum-bearing.  From  14  to  28  feet  (r)  the  same  saprolite  was  en- 
countered, then  another  2  feet  (t7)  that  was  corundum-bearing,  followed 
by  another  10  feet  (c),  that  is,  from  30  to  40  feet,  of  saprolite  and  two 
feet  more  (/)  that  were  corundum-bearing. 
From  42  to  G3  feet  (r;)  the  rock  began  to  bo 
less  decomposed;  and  from  63  to  GO  feet  (//) 
another  seam  of  corundum-bearing  rock  was  en- 
countered. From  this  point  to  the  bottom  of 
the  shaft  the  rock  became  more  and  more  solid 
until,  at  T7  feet,  the  fresh  rock  was  encountered. 
These  various  seams  in  the  rock  are  very  pro- 
nounced, and  dip  30°  toward  the  west  near  the 
top,  lKK?oming  nearly  horizontal  nearer  the  bot- 
tom of  the  shaft.  The  seams  of  decomposed 
feldspar  observed  in  (a)  become  less  and  less 
kaolinized  until  in  (i)  they  consist  of  pure 
plagiodase  feldspar.  In  (t)  there  are  two  seams 
of  corundum  similar  to  (Z;),  (J),  and  (f),  al- 
though in  the  fresh  rock  these  seams  are  not  so 
pronounced  as  in  the  saprolitic  rock.  Tliere  is 
often  considerable  feldspar  bordering  the  corun- 
dum-bearing s(»ams.  The  general  trend  of  the 
rock  is  about  X.  5°  to  10°  E.  The  vertical  sec- 
tion of  this  shaft,  as  described  above,  is  repre- 
sented in  fig.  2(). 

It  is  seen  that  in  both  the  solid  and  saprolitic 
rocks  the  corundum  occupies  seams  a  few  feet 
thick  at  irreg\dar  intervals;  and,  while  the 
corundum  may  constitute  10  per  cent  or  more  of 
these  seams,  its  percentage  of  the  total  amount 

of  rock  that  must  be  moved  in  mining  would         pi,..  20. Vertical  cross- 

probablv  alwavs  be  small.    The  actual  width  of    section  of  shaft  at  Sheffield 

.  '       i?    ii'  •  1      •  .1  1     .    XI         m\Ti^,  Macon  Uoiinty,  N.  C. 

outcrop   of   tnis   rock    is   not   known,   but   the 

saprolitic  surface  material  has  ))een  cut  across  for  nearly  100  feet  in  a 

direction  about  at  right  angles  to  the  strike. 

The  fresh  rock  at  the  bottom  of  the  shaft  is  somewhat  varied  in  ap- 
pearance; and,  wliiU*  it  does  not  all  show  definite  gneissoid  structure, 
the  more  finely  divided  portions  are  distinctly  laminated.  There  are 
streaks  a  few  inches  thick  composed  almost  wholly  of  a  plagiodase  feld- 
spar.    Some  portions  of  the  rock  are  decidedly  porphyritic  and  contain 
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phenocrysts  of  a  light  gray  amphibole,  a  centimeter  in  diameter,  in  a 
groundmass  of  feldspar.  A  large  part  of  it,  however,  is  made  up  of 
small,  roughly  outlined  prismatic  crystals  of  amphibole,  probably  horn- 
blende, and  irregular  fragments  of  plagioclase  feldspar.  The  amphibole 
is  almost  black  in  color,  but  in  thin  splinters  it  has  a  bronze  luster  and 
a  resin-brown  color.  Biotite  of  a  deep-brown  color  also  occurs  sparingly, 
and  a  pink  garnet  is  rather  abundant.  This  part  of  the  rock  is  of  a 
gneissoid  structure  and  in  this  corundum  occurs.  Thfe  corimdum  is 
light  pink  to  purplish  in  color  and  forms  nodules  up  to  two  or  three 
centimeters  in  diameter.  Some  streaks  in  the  rock  are  highly  garnet- 
iferous,  composed  essentially  of  garnet  and  plagioclase  feldspar,  or  of 
garnet  and  biotite.  Chalcopyrite  occurs  very  sparingly  in  these  portions 
of  the  rock.  Small  particles  of  graphite  have  been  observed  in  the 
coarsely  crystallized  portions. 

Professor  L.  V.  Pirsson,  of  Yale  University,  has  kindly  made  a  micro- 
scopic examination  of  this  rock,  the  results  of  which  are  embodied  in 
the  following  paragraphs. 

In  thin  section  the  microscope  disclosed  the  minerals:  hornblende, 
plagioclase  feldspar,  garnet,  biotite,  muscovite,  staurolite,  and  rutile. 
Hornblende  is  the  most  common,  forming  about  two-fifths  of  the  sec- 
tion, while  of  the  remainder  plagioclase  and  garnet  constitute  about 
equal  proportions,  with  the  others  in  comparatively  insignificant  amount. 

The  hornblende  is  formless,  but  tends  to  irregular  columns  almost  invari- 
ably extended  in  the  plane  of  schistosity.  It  has  very  rarely  a  somewhat 
stringy  tendency  in  its  cleavage,  but  is  usually  homogeneous  in  broad  plates. 
Its  color  is  a  clear  olive-brown,  and  it  is  somewhat  pleochroic  but  not  strongly 
so.  It  is  everywhere  dotted  by  the  small  grains  of  garnet,  which  rarely  show 
good  crystal  form.    The  garnet  occurs  associated  also  with  the  plagioclase. 

The  plagioclase  occurs  twinned  according  to  the  albite  law  only.  In 
sections  perpendicular  to  010,  the  lamellae  show  extinctions  as  great  as  30", 
and  the  plagioclase  is  therefore  rich  in  lime  and  as  basic  as  labradorite, 
which  it  probably  is.  It  shows  strong  evidence  of  shearing  movement  in  the 
rock;  it  is  often  broken,  exhibits  rolling  extinctions,  and  the  albite  lamella 
are  curved  and  bent.  It  runs  along  the  planes  of  schistosity  between  the 
amphiboles  and  forms  a  mosaic  of  angular  broken  grains. 

Staurolite  was  found  in  rather  broad,  irregular  grains,  and  rutile  in  small 
irregular  grains  and  well-crystallized  prisms. 

Professor  Pirsson  has  indicated  that  the  character  and  structure  of 
this  rock,  composed  chiefly  of  amphibole,  labradorite,  and  garnet,  sug- 
gests most  strongly  that  it  is  a  metamorphosed  igneous  rock  of  the  gab- 
broid  family.  During  the  motamorphism  the  augite  of  the  gabbro 
would  be  converted  into  the  brown  hornblende.     Any  iron  ore  that  was 
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present  would  be  taken  up  by  the  hornblende  and  garnet.  The  rutile 
would  have  resulted  from  the  titanic  acid  that  is  a  regular  component  of 
the  iron  ores  in  the  gabbros  and  diabases.  Staurolite  is  a  widespread 
product  of  metamorphism  in  the  schistose  rocks,  and  is  naturally  ex- 
pected. The  feldspar  has  suffered  least  chemically,  except  the  corun- 
dum, and  shows  only  the  shearing  of  dynamic  processes. 

The  corundum  does  not  occur  in  crystals,  but  in  small  fragments  and 
in  elongated  nodules,  which  are  cracked  and  seamed,  and  appear  to  have 
been  drawn  out  by  the  shearing  processes.  The  general  character  and 
shape  of  the  corundum  would  indicate  that  it  was  an  original  constitu- 
ent of  the  igneous  rock,  and  not  formed  during  its  metamorphism. 

As  the  exact  nature  of  the  original  rock  is  not  apparent,  it  is  here 
called  simply  an  amphibole-schist,  in  accordance  with  its  present  char- 
acter. 

CORUNDUM   IN    CHLORITE-SCHIST. 

Besides  the  occurrence  of  corundum  in  the  more  or  less  schistose 
chlorites  (B  of  PI.  XXI)  in  peridotites  and  pyroxenites,  as  described 
above,  it  has  been  found  in  the  long  belts  of  chlorite-schist  that  traverse 
the  country  10  to  12  miles  southeast  of  Webster,  in  Jackson  County. 
These  rocks  sometimes  attain  a  thickness  of  several  hundred  feet,  and  are 
traceable  across  the  country  for  several  miles.  They  are  composed  almost 
entirely  of  green,  scaly  chlorite,  though  sometimes  small  feldspar  grains 
and  occasional  amphibole  needles  are  present.  The  chlorite  is  in  small 
scales,  never  very  coarse,  as  is  sometimes  the  case  in  the  zones  about  the 
peridotites,  and  often  they  are  so  minute  as  to  give  the  rock  a  very  com- 
pact appearance. 

On  the  south  side  of  Caney  Fork  of  Tuckaseegee  River,  2  miles  above 
its  mouth  and  one-fourth  of  a  mile  above  the  mouth  of  Moses  Creek,  a 
corundum-bearing  zone  of  chlorite-schist  is  exposed  in  a  small  prospect 
pit.  For  a  thickness  of  8  feet  the  schist  is  thickly  studded  with  nodules 
of  corundum,  varying  chiefly  between  one-fourth  and  one-half  inch  in 
diameter,  but  sometimes  larger.  The  corundum  is  wrapped  in  a  white 
coating  of  mica,  which  is  often  arranged  in  radiating  scales  perpendicular 
to  the  outer  surface  of  the  corundum.  These  coatings  are  extremly  vari- 
able in  thickness,  sometimes  being  very  thin,  sometimes  developed  to 
great  thickness,  with  perhaps  only  a  small  grain  of  corundum  at  the 
center. 

Surface  specimens  of  corundum  have  been  found  over  the  outcrop  of 
chlorite-schist  at  numerous  places  further  up  Caney  Fork,  and  also  at 
localities  along  the  main  stream  to  the  south. 

Just  across  the  State  line  to  the  southwest,  in  Towns  and  Union  coun- 
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tics,  Georgia,  numerous  outerops  of  chlorite-^ehist  occur  on  the  waters  of 
Brasstown  and  Arquf|ua  creeks,  many  of  them  conimlum-hearing.  In 
some  cases  these  schists  are  associated  witli  outcrops  of  recognizable 
peridotite  or  troctolite,  but  in  the  majority  of  cas4»s  only  the  chlorite- 
schist  is  visible.  To  all  appearances  these  outcrops  are  similar  in  charac- 
ter to  tliose  just  described  in  Jackson  County,  North  Carolina.  In 
one  of  these  localities,  however,  nt  the  Track  Rock  Gap  corundum  mine, 
it  has  been  shown  that  the  chlorite-schist  is  an  alteration  product  of 
amphibolite  or  an  amphibole-peridotite,"  specimens  only  partially  altered 
being  brought  to  light  in  the  dec*|>er  workings. 

COKUXDUM  IX  ALLUVIAL  DEPOSITS. 

CORrNrn'M    IN    tJRAVEI.    DEPOSITS. 

The  gem  varieties  of  corundum  are  found  chiefly  in  the  soil  and 
gravel  beds,  as  those  of  Burma,  Ceylon,  and  other  regions  of  southern 
Asia,  and  the  sapphire  de]>osits  of  Montana.  Together  with  these  are 
also  found  the  commoner  varieties  of  crvtjtallized  corundum;  and  in 
some  of  the  localities  the  mineral  has  been  traced  to  its  origin  in  the 
crvstalline  rocks. 

The  gravel  beds  represent  the  result  of  ages  of  concentration,  during 
which  the  rocks  have  l)een  slowly  decomposing  and  crumbling  away 
through  the  agencies  of  air  and  water.  The  stream  beds  furnished  a 
natural  svstem  of  sluices  in  which  the  heavv  and  more  resistant  minerals 
have  been  caught  and  retained,  while  the  lighter  materials  have  been 
carried  further  down  the  valley.  Thus,  if  all  the  material  transported 
by  a  stn^am  had  been  of  about  the  same  degrcv  of  fineness,  there  would 
have  been  an  almost  perfect  de})osition  of  the  different  minerals  accord- 
ing to  their  sjH'ciiic  gravity,  the  heavier  om»s  Ix'ing  deposited  higher  up 
the  srreani  and  nearer  their  place  of  origin.  Again,  if  the  materials 
trans])orted  had  been  of  various  d<'grees  of  coarseness  but  about  the 
same  specific  gravity,  there  would  have  also  been  an  almost  perfect  sort- 
ing of  the  materials  according  to  sizes,  the  coarsest  farthest  U])  the 
stream.  As  both  of  these  processes  of  de])osiiion  are  going  on  at  the 
same  time,  we  find  the  heavy  minerals  and  the  large  bowlders  and  frag- 
ments of  th(»  lighter  ones  intermingled  an«l  thu"^  forming  the  alluvial 
gravel  deposits  as  they  are  seen  at  the  ]>resent  time  (see  IM.  XVI 1,  A). 

Altliou<^h  corundum  ir^MUs  niav  liavo  been  verv  rare  in  the  ori<nnal 
rock,  they  have  been  concentrated  in  these  gravi-l  (lejjosits.  and  are  thus 
found    in   eonijjarative   Ml)undanoe.      Kven    when    tlie   corundum   of   the 

■  F.    p.   KliiL'.  P.ull.   (;«.*i»I.   Sinv.   (;«'ori:la   Nu.   2.   1894.  i»p.   01i-f»r». 
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gravel  deposits  is  traced  to  its  original  source  in  the  rocks,  the  gravels 
often  still  remain  the  principal  commercial  source  of  tlie  gems. 

Many  of  the  corundum  deiK)sits  of  North  Carolina  have  been  found 
through  the  discovery  of  fragments  in  the  soil  or  in  the  htnls  of  the 
streams;  and  prosj)ectors  wash  the  gravels  of  stream  beds  for  corun- 
dum, in  much  the  same  way  that  search  is  nuide  for  gold  (PI.  XXII). 
Similarly,  corundum  crystals  have  been  j>low(»d  up  in  bottom  lands,  and 
further  investigations  have  revealed  gravel  beds,  often  of  considerable 
extent,  which  usuallv  l)ear  several  varieties  of  corundum.  Bv  searching 
up  the  stream  and  its  tributaries  until  no  further  trace  of  corundum  can 
be  found,  and  then  up  the  adjoining  hillsides,  the  original  source  of  the 
gravel  dej)osits  in  the  valleys  has  often  IxH^n  revealed.  But  in  a  niunber 
of  cases  such  search  has,  thus  far,  ])roved  fruitless:  and  we  are  led  to 
the  conclusion  that  the  corundum  has  l>een  concentrated  from  rocks  in 
wliich  it  is  onlv  a  rare  constituent. 

rXDKTEHMrXHD  (KXU'RREXCKS  OF  COUrNDl'M. 

In  1852  Dr.  ('.  L.  Hunter"  observinl  masses  of  einerv  associated  with 
crystalline  corundum  in  granular  quartz-mica  aggregates  at  Crowders 
Mountain,  in  Gaston  Countv.  Dr.  Y.  A.  (Jenth*  has  also  described 
emery  associated  with  titaniferous  iron  ores  near  Friendshij),  in  Guilford 
Count V.  It  has  also  been  found  on  Mine  Fork  of  Jacks  Creek,  »*}  miles 
north  of  lUirnsville,  in  Yancev  Countv,  associated  with  staurolite;  and 
extensive  emery  deposit^,  o  to  *  miles  southeast  of  Franklin,  Macon 
County,  have  hwu  de^i-ribed  by  Dr.  .Joseph  Hyde  Pratt  "*  as  occurring  in 
thoroughly  decomi)ose<l  rock  (p.  2.')1). 

OTHER   OCCURRENCES   OF   CORUNDUM    IN    AMERICA. 

Besides  the  modes  of  occurrence  in  North  Carolina,  as  described  above, 
corundum  is  known  to  occur  in  otiier  parts  of  America  in  the  following 
rocks : 

Corundum-hearinfj  rocks  iJi  America  not  found  in  North  Carolina. 

ICINKOUS. 

Granite.  Norite. 

Syenite.  Andesite. 

Nepheline-syenite.  Monchiquite. 
Plumasite. 

Mkt.\m()kphiu. 
Crystalline  limestone. 

■*  Am.   Jour.   Scl..   Jd  s«'r..   Vol.   XV.    is.'i.i.  pp.  :i7;i-:i7S. 
'Mlt*p*>rl  <lpol.  Survey  North  Carolina.  1875.  p.  IMG. 
"Hull.   r.   S.  <i.'ol.  Survt-y  No.   ISO.   IIMH.  p.   7L'. 
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Some  examples  of  these  modes  of  occurrence  are  briefly  described 
below,  but  no  attempt  has  been  made  to  give  a  complete  list  of  localities. 

CORUNDUM  IN  GRANITE. 

At  Nannies  Mountain,  12  miles  northeast  of  Yorkville,  South  Caro- 
lina, corundum  occurs  in  considerable  quantities  in  a  light  gray  biotite- 
granite.  It  forms  irregular  masses  of  a  black  color,  varying  from  small 
grains  to  several  inches  in  thickness,  and  usually  has  a  well-developed 
parting.  It  is  invariably  imbedded  in  muscovite,  which  varies  from 
fine  scaly  aggregates  to  compact,  massive  damourite.  At  the  Eickard 
mine,  at  the  nori;h  end  of  the  mountain,  a  shaft  35  feet  deep  has  been 
sunk  and  several  drifts  have  been  made  from  this;  but,  as  operations 
have  been  suspended,  these  workings  cannot  be  examined.  Hence,  the 
exact  relations  of  the  corundum  masses  to  the  granite  cannot  be  made 
out.  Only  granite,  however,  in  various  stages  of  disintegration,  and 
masses  of  corundum  and  muscovite  were  taken  from  these  workings. 

Dr.  A.  Lacroix  "  found  corundum  in  masses  of  granite  included  in  the 
volcanic  rocks  of  Auvergne,  France ;  and  its  occurrence  as  an  occasional 
accessory  in  normal  granites  is  mentioned  in  the  petrographical  works 
of  both  Zirkel  and  Kosenbusch. 

CORUNDUM  IN  SYENITE. 

A  deposit  of  corundum  in  syenite  is  located  in  the  south-central  pari; 
of  Gallatin  County,  Mont.,  on  the  headwaters  of  Elk  Creek,  in  a  group 
of  foot-hills  between  the  Gallatin  Valley  and  Spanish  Creek  basin.  It  is 
about  23  miles  south  of  Belgrade,  Gallatin  County,  which  is  on  the 
Northern  Pacific  Railroad.  The  corundum  has  been  found  in  a  rock 
that  is  composed  essentially  of  orthoclase  feldspar,  corundum,  and  biotite, 
with  the  feldspar  predominating.  The  rock  for  the  most  part  has  a 
somewhat  gneissoid  structure,  and  in  these  portions  the  corundum  is 
more  or  less  finely  divided,  being  in  fine  grains  and  small  crystals.  In 
otlier  portions,  where  the  corundum  is  coarsely  crystallized,  the  rock  has 
something  of  a  pegmatitic  character,  and  the  corundum  is  surrounded 
bv  the  orthoclase.  While  this  has  been  called  a  corundum-bearing  bio- 
tite-syenite,"  yet  from  the  number  of  occurrences  that  are  being  recorded 
of  this  mineral  acting  as  a  component  of  these  rocks,  as  those  in  Canada 

"  Bull,  des  Serv.  de  la  Carte  peol.  de  France,  Vol.  II,  No.  11.     See  Bibliography. 
«U.  S.  Geol.  Survey,  Bull.  ISO.  1001.  p.  81. 
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and  in  the  Urals,  it  would  seem  desirable  to  recognize  rocks  of  this  type 
as  corundum  svenites. 

According  to  Mr.  L.  S.  Kopes,  manager  of  the  Montana  Corundum 
Company,  which  is  operating  these  deposits,  the  crystals  of  corundum 
vary  from  a  fraction  of  an  inch  up  to  8  inches  in  length,  some  having 
been  found  that  weighed  1^  to  2  pounds.  In  the  pay  streak  or  band  of 
this  corundum-bearing  syenite,  which  is  from  28  to  34  inches  in  width, 
the  percentage  varies  from  10  to  70  per  cent.  The  full  width  of  the 
corundum-bearing  syenite,  as  determined  by  Mr.  Ropes,  is  from  8  to  10 
feet. 

Somewhat  similar  to  this  is  the  occurrence  of  corundum  in  dikes  of 
syenite  which  penetrate  the  gneisses  over  extensive  areas  of  Haliburton, 
Peterborough,  Hastings,  and  Renfrew  counties,  Ontario,  Canada.  The 
corundum  occurs  in  white  or  gray  to  bronzy  crystals  in  the  rock,  varying 
from  half  an  inch  to  2  or  3  inches  in  diameter,  and  from  one  to  4  or  5 
inches  in  length.  It  is  extremely  variable  in  amount,  ranging  from  less 
than  10  per  cent  to  30  or  40  per  cent  of  the  rock  mass.  An  average  of 
12  to  15  per  cent  has  been  reported  from  some  localities.  Besides  corun- 
dum, the  syenites  carry  small  amounts  of  magnetite,  pyrite,  garnet, 
zircon,  and  sodalite. 

CORUNDUM  IN  NEPHELINE-SYENITE. 

The  syenites  found  in  the  Province  of  Ontario,  Canada,  and  referred 
to  above,  are  partly  mica,  hornblende,  and  nepheline-syenite.  The  mica 
and  nepheline-syenites  are  often  closely  associated  and  are  corundiferous. 
In  some  of  the  nepheline-syenites  a  nearly  transparent  bluish  corundum 
of  gem  quality  has  been  found. 

CORUNDUM  IN  PLUMASITE. 

Prof.  Andrew  C.  Lawson  has  recently  described  an  interesting  occur- 
rence of  corundum  from  the  eastern  slope  of  Spanish  Peak,  Plumas 
County,  Cal.,  about  2  miles  east  of  the  summit.  An  oligoclase-corundum 
rock  occurs  here,  which  Professor  Lawson  has  called  plumasite,  and 
which  he  describes  as  a  dike  cutting  a  large  area  of  amphibole-perido- 
tite.  He  does  not  give  tlie  location  of  this  rock,  however,  with  reference 
to  the  contact  between  the  peridotite  and  the  Carboniferous  rocks  into 
which  it  has  been  intruded. 

The  maximum  width  of  the  dike,  as  observed,  is  about  15  feet,  and  it 
could  be  traced  for  a  distance  of  only  125  feet.  At  one  exposure  it  con- 
sists of  a  coarse  allotriomorphic  granular  aggregate  of  white  feldspar,  in 
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apparently  represents  some  former  feldspathoid  constituent.  In  regard 
to  the  classification  of  this  rock,  Professor  Pirsson  "  says : 

In  thin  section  the  rock  at  once  shows  its  character  as  a  dark  hasic  lampro- 

phyre,  consisting  mainly  of  biotite  and  pyroxene The  rock  appears 

to  have  its  closest  afllnlties  in  the  monchiquite  group,  of  which  it  may  be 
considered  a  basic,  somewhat  altered  type.  The  abundance  of  biotite  shows 
its  relation  to  the  minettes,  but  the  rock  is  much  richer  in  the  ferromagnesian 
components  and  lacks  the  feldspar  of  the  minettes.  It  has  evidently  a  close 
affinity  with  the  minettes  and  shonkinite  of  the  region,  and  is  clearly  a  more 
basic  form  of  the  same  magma.  It  has  the  same  richness  in  biotite  and 
pyroxene  as  these,  but  differs  in  the  feldspathic  component. 

Following  Rosenbusch's  classification,  it  may  be  said  that  this  rock  seems 
to  be  a  basic  member  of  the  monchiquite-camptonite  series  of  lamprophyres, 
the  rocks  at  one  end  of  which  are  characterized  by  an  abundance  of  biotite 
and  augite  or  hornblende.  The  rock  is  too  rich  in  ferromagnesian  and  too 
poor  in  feldspathic  constituents  to  be  called  a  minette  or  kersantite,  and  the 
total  absence  of  the  feldspar  and  the  small  quantity  of  feldspathoid  make  it  a 
very  basic  member  of  the  general  monchiquite  group  of  Rosenbusch. 

The  sapphire  corundum  occurs  rather  sparingly  in  this  rock  in  well  formed, 
flat,  tabular  crystals  of  a  blue  color.  They  vary  in  size  from  very  minute  to 
half  an  inch  in  diameter  and  are  of  gem  quality.  The  mineral  does  not  occur 
in  sufficient  quantity  to  constitute  a  source  of  corundum  for  abrasive  purposes, 
but  it  is  of  importance  as  a  source  of  the  sapphire  gems. 

A  kersantite  described  by  Dr.  K.  A.  Lossen,"  which  cuts  sedimentary 
rocks  of  Lower  Devonian  age  at  Michaelstein,  in  the  Harz  Mountains, 
Germany,  and  contains  numerous  inclusions,  has  also  been  found  to 
carry  corundum.  This  seems  to  be  a  closely  parallel  case  to  the  one 
described  above,  except  that  the  corundum  occurs  in  such  minute  quan- 
tities as  to  be  of  only  scientific  interest. 

CORUNDUM    IN    CRYSTALLINE    LIMESTONE. 

Corundum  has  long  been  known  to  occur  in  the  white  crystalline  lime- 
stone of  Sussex  County,  New  Jersey,  as  near  Sparta,  in  Newton  Town- 
ship, and  near  Vernon.  It  is  found  near  dikes  and  bosses  of  intrusive 
granite,  and  is  in  the  form  of  hexagonal  crystals  and  irregular  grains 
and  masses  of  various  colors — white,  blue,  red,  purple,  etc.  Associated 
with  it  are  spinel,  chondrodite,  phlogopite,  graphite,  ilmenite,  rutile, 
sphene,  zircon,  and  many  other  minerals.  In  the  northward  extension 
of  this  limestone  into  Orange  County,  New  York,  corundum  is  again 

'•Am.  Jour.  Sc!.,  4th  ser.,  Vol.  IV,  1897.  pp.  421-423.  and  Twentieth  Ann.  Rep.  U.  S. 
Geol.  Survey,  Pt  III,  1000,  pp.  552-553.  Prof.  Pirsson  has  kindly  gone  over  the 
manuscript  describing  this  occurrence. 

"Zeitschr.  d.  Deutschen  geol.  Ges.,  XXXIII,   1880,  p.  445;  XXXIV,  1882,  p.  658. 
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undum  crystals,  yellowish  green  in  color  and  of  gem  quality,  occur  very 
sparingly  in  the  rock. 

Corundum  in  andesite  has  also  been  described  from  several  European 
localities.  Dr.  A.  Osann"  found  corundum  associated  with  spinel, 
biotite,  sillimanite,  andalusite,  rutile,  zircon,  etc.,  in  a  mica-pyroxeue- 
andesite  in  the  vicinity  of  Cape  de  Gata,  in  southeastern  Spain.  The 
corundum  forms  flat  basal  plates  with  striations  parallel  to  the  rhom- 
bohedron.    The  rock  also  contains  numerous  dark  micaceous  inclusions. 

Dr.  A.  Lacroix  "  describes  the  occurrence  of  corundum  in  the  trachytes, 
andesites,  and  basalts  of  the  volcanic  district  of  the  Auvergne  Moun- 
tains, in  the  central  plateau  of  France.  The  corundum  is  associated 
with  zircon,  diaspore,  sillimanite,  etc.  The  rocks  also  contain  numer- 
ous acid  inclusions  that  have  been  more  or  less  completely  destroyed  by 
fusion  or  solution  in  the  enclosing  magma.  When  not  completely  de- 
stroyed, the  inclusions  also  frequently  contain  corundimi  associated  with 
numerous  metamorphic  minerals. 

The  trachytes,  andesites,  and  basalts  of  the  Siebengebirge,  in  Germany, 
as  described  by  Dr.  A.  Dannenberg,'"  also  contain  corundum,  spinel, 
magnetite,  sillimanite,  and  numerous  inclusions  of  sandstone,  schist,  and 
granulite. 

A  homblende-andesite  of  the  Eifel,  Germany,  described  by  Dr.  F. 
Vogelsang,"  contains  numerous  granular  aggregates  of  cordierite,  anda- 
lusite, sillimanite,  feldspar,  biotite,  corundum,  spinel,  rutile,  quartz, 
zircon,  and  magnetite,  without  recognizable  inclusions  of  rocks. 

CORUNDUM  IN   MONCIIIQUITE. 

Near  the  entrance  to  Yogo  Gulch,  Fergus  County,  Montana,  sapphire 
corundum  has  been  found  in  an  igneous  rock  that  is  exposed  in  two 
parallel  dikes  600  feet  apart,  which  cut  through  the  sedimentary  rocks. 
Although  these  dikes  are  almost  identical  in  appearance  and  composi- 
tion, only  one  of  them  contains  corundum. 

The  dike  rock  has  a  dark  gray  basic  appearance,  and  is  very  tough, 
breaking  with  uneven  fracture.  It  is  composed  for  the  most  part  of 
biotite  and  pyroxene  closely  crowded  together.  The  small  interstices 
between  them  are  filled  with  a  brownish  kaolin-like  aggregate,  which 

»*ZeIt8.  der  deutsohen  Reol.  Ges.,  Vol.  XLI,  1889,  297:  Vol.  XLIII,  1891,  688. 
"Bull.  Soc.  Mln.  Fr..  Vol.  XIII,  1890.  100-106,  etc.     See  Bibliography. 
"Min.  iind  Petr.  Mitth.,  Vol.  XIV,  1894.  17. 

"Zeits.  der  deutschen  geol.  Gesells.,  Vol.  XLII,  1890,  1;  Am.  Nat.,  1892,  pp.  166- 
166  (abst). 
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apparently  represents  some  former  feldspathoid  constituent.  In  regard 
to  the  classification  of  this  rock,  Professor  Pirsson  "  says : 

In  thin  section  the  rock  at  once  shows  its  character  as  a  dark  basic  lampro- 

phyre,  consisting  mainly  of  biotite  and  pyroxene The  rock  appears 

to  have  its  closest  affinities  in  the  monchiquite  group,  of  which  it  may  be 
considered  a  basic,  somewhat  altered  type.  The  abundance  of  biotite  shows 
its  relation  to  the  minettes,  but  the  rock  is  much  richer  in  the  ferromagnesian 
components  and  lacks  the  feldspar  of  the  minettes.  It  has  evidently  a  close 
affinity  with  the  minettes  and  shonkinite  of  the  region,  and  is  clearly  a  more 
basic  form  of  the  same  magma.  It  has  the  same  richness  in  biotite  and 
pyroxene  as  these,  but  differs  in  the  feldspathic  component. 

Following  Rosenbusch's  classification,  it  may  be  said  that  this  rock  seems 
to  be  a  basic  member  of  the  monchiquite-camptonite  series  of  lamprophyres, 
the  rocks  at  one  end  of  which  are  characterized  by  an  abundance  of  biotite 
and  augite  or  hornblende.  The  rock  is  too  rich  in  ferromagnesian  and  too 
poor  in  feldspathic  constituents  to  be  called  a  minette  or  kersantite,  and  the 
total  absence  of  the  feldspar  and  the  small  quantity  of  feldspathoid  make  it  a 
very  basic  member  of  the  general  monchiquite  group  of  Rosenbusch. 

The  sapphire  corundum  occurs  rather  sparingly  in  this  rock  in  well  formed, 
flat,  tabular  crystals  of  a  blue  color.  They  vary  in  size  from  very  minute  to 
half  an  inch  in  diameter  and  are  of  gem  quality.  The  mineral  does  not  occur 
in  sufficient  quantity  to  constitute  a  source  of  corundum  for  abrasive  purposes, 
but  it  Is  of  importance  as  a  source  of  the  sapphire  gems. 

A  kersantite  described  by  Dr.  K.  A.  Lossen,"  which  cuts  sedimentary 
rocks  of  Lower  Devonian  age  at  Michaelstein,  in  the  Harz  Mountains, 
Germany,  and  contains  numerous  inclusions,  has  also  been  found  to 
carry  corundum.  This  seems  to  be  a  closely  parallel  case  to  the  one 
described  above,  except  that  the  corundum  occurs  in  such  minute  quan- 
tities as  to  be  of  only  scientific  interest. 

CORUNDUM    IN    CRYSTALLINE    LIMESTONE. 

Corundum  has  long  been  known  to  occur  in  the  white  crystalline  lime- 
stone of  Sussex  County,  New  Jersey,  as  near  Sparta,  in  Newton  Town- 
ship, and  near  Vernon.  It  is  found  near  dikes  and  bosses  of  intrusive 
granite,  and  is  in  tlie  form  of  hexagonal  crystals  and  irregular  grains 
and  masses  of  various  colors — white,  blue,  red,  purple,  etc.  Associated 
with  it  are  spinel,  chondrodito,  phlogopite,  graphite,  ilmenite,  rutile, 
sphene,  zircon,  and  many  other  minerals.  In  the  northward  extension 
of  this  limestone  into  Orange  County,  Now  York,  corundum  is  again 

>»  Am.  Jour.  Scl.,  4th  ser..  Vol.  IV,  1897,  pp.  421-423.  and  Twentieth  Ann.  Rep.  U.  S. 
Geol.  Survey,  Pt  III,  1000,  pp.  552-553.  Prof.  Pirsson  has  kindly  gone  over  the 
manuscript  describing  this  occurrence. 

»»Zeltschr.  d.  Deutschen  geol.  Ges.,  XXXIII,  1880,  p.  445;  XXXIV.  1882,  p.  658. 
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found  near  Amity  with  practically  the  same  relations.  The  contact 
phenomena  of  the  granite  of  Mounts  Adam  and  Eve,  in  Orange  County, 
are  described  by  Prof.  J.  F.  Kemp  and  Mr.  Arthur  Hollick.**  Numerous 
silicates  occur  in  nodules  or  disseminated  through  the  limestone:  horn- 
blende, dark  mica,  augite,  titanite,  scapolite,  chondrodite,  spinel,  and 
fluorite,  with  occasionally  sussexite,  vesuvianite,  tourmaline,  and  corun- 
dum. 

The  crystalline  limestones  of  Burgess  Township,  Lanark  County,  On- 
ario,  Canada,  also  contain  small  grains  and  crystals  of  rose-red  to 
sapphire-blue  corundum  in  association  with  quartz,  feldspar,  calcite, 
muscovite,  sphene,  etc. 

Dr.  A.  Lacroix"  has  described  the  occurrence  of  corundum  with 
humite,  brucite,  amphibole,  phlogopite,  scapolite,  spinel,  sphene,  rutile, 
zircon,  and  other  minerals,  in  the  marbles  of  Mercus  and  Arignac, 
Ariege,  France.  Red  and  blue  corundum  has  also  been  found  associated 
with  tourmaline  in  the  dolomite  at  St.  Gothard ;  and  the  extensive  occur- 
rence of  large  irregular  masses  of  emery  in  the  white  crystalline  lime- 
stone of  the  province  of  Aidin,  in  Asiatic  Turkey,  are  well  known. 

MODES  OF  OCCURRENCE  OF  CORUNDUM    NOT  FOUND   IN   AMERICA. 

A  number  of  foreign  occurrences  of  corundum,  especially  those  that 
are  of  economic  importance,  have  been  referred  to  above  in  connection 
with  descriptions  of  similar  occurrences  in  America.  There  are,  how- 
ever, several  other  modes  of  occurrence  of  corundum  of  scientific  interest 
that  have  been  observed  in  foreign  localities  but  have  not  yet  been  found 
in  America.  These  are  briefly  mentioned  here,  in  order  to  make  the 
list  of  known  modes  of  occurrence  as  nearly  complete  as  possible.  And 
here,  as  in  the  descriptions  of  American  occurrences  outside  of  North 
Carolina,  there  is  no  attempt  to  give  a  complete  list  of  localities. 

Corundum-bearing  rocks  not  found  in  North  America. 

lONKOUS. 

Kyschtymite.  Quartz-porphyry. 

Diorite.  Trachyte. 

Tonalite.  Basalt. 

Gabbro. 

Contact-zones  and  inclusions  in  igneous  rocks. 

Metamohphic. 
Corundum-schists  and  porphyroids.  Graphite. 

•Ann.  N.  Y.  Acad.  Scl.,  Vol.  VII,  1893.  pp.  688,  et  seq. 

«  Bull.  Serv.  de  la  Carte  geol.  de  France,  Vol.  II,  No.  11 ;  Am.  Nat.,  1891,  pp.  188- 
189  (abst.). 
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Molengraaf,"  in  an  account  of  the  geology  of  the  gold  fields  about 
Pretoria,  in  South  Africa,  describes  the  oldest  rocks  as  granites,  sericite- 
schists,  actinolite-schists,  and  amphibolites.  Above  these  lie  quartzites, 
day-slates,  corundum-schists  and  porphyroids,  and  chiastolite-schists,  cut 
by  diabase  dikes.  The  corundum-porphyroid  resembles  feldspar 
I  porphyry,  consisting  of  large  crystals  of  biotite  and  large  corundum  indi- 

viduals in  a  groundmass  of  quartz  and  chlorite. 

Wichmann"  describes  corundum  from  the  graphite  of  Muhldorf, 
near  Spitz,  in  Lower  Austria.  Scales  of  graphite  are  found  with 
corundum  in  the  peridotites  at  the  Bad  Creek  mine.  Sapphire,  Jackson 
County,  North  Carolina,  and  are  often  associated  with  the  corundum  of 
the  mica-schists  of  the  State.  Surface  specimens  of  corundum  found 
in  a  region  of  garnetiferous  mica-schists  8  miles  northwest  of  Gaffney, 
South  Carolina,  sometimes  have  scales  of  mica  and  graphite  attached  to 
them;  but  the  Austrian  occurrence  seems  to  be  the  only  instance  thus 
far  observed  where  the  corundum  is  imbedded  in  graphite. 

"^Neues  Jahrb.  Mln.,  etc.,  B.-B.  Vol.  IX,  1894>5,  pp.  174-291;  Am.  Nat,  1895,  pp. 
470-471   (abtt). 

"•Verb.  g«ol.  Relchsanstalt,  Vienna,  1884.  p.  150. 


CHAPTER  VIII. 

THE  DISTRIBUTION  OF  CORUNDUM. 

As  has  been  shown  in  Chapter  VII,  corundum  occurs  in  various  forms 
and  relations,  and  instead  of  existing  in  quantity  only  in  the  basic 
magnesian  rocks,  such  as  peridotites,  as  was  formerly  supposed,  it  is 
now  known  to  occur  in  large  amount  in  syenites,  gneisses,  and  schists. 
With  the  exception  of  a  few  localities  in  Montana,  two  in  Colorado,  and 
one  in  California,  all  the  known  occurrences  of  corundum  in  the  United 
States  are  confined  to  the  Appalachian  belt  of  crystalline  rocks. 

CORUNDUM    IN    THE    APPALACHIAN    BELT. 

In  describing  the  distribution  of  the  peridotites,  mention  has  already 
been  made  of  the  occurrence  of  corundum  in  Pennsylvania,  North  Caro- 
lina, South  Carolina,  Georgia,  and  Alabama.  In  these  States  the  corun- 
dum localities  are  found  for  the  most  part  along  the  peridotite  belt 
indicated  on  the  general  map  (Plate  IV).  It  is  in  the  southern  portion 
of  this  belt,  in  North  Carolina  and  Georgia,  that  these  rocks  have  their 
greatest  extent,  and  in  this  region  the  greatest  qnantity  of  corundum 
has  been  found.  During  the  past  few  years  the  only  States  that  have 
produced  corundum  for  abrasive  purposes  are  North  Carolina  and  Mon- 
tana. Massachusetts  and  New  York  are  the  only  ones  that  have  pro- 
duced emery. 

Alabama^ — The  Appalachian  crystalline  belt  passes  under  the  Cre- 
taceous and  later  sedimentary  formations  in  the  central  part  of  the  State 
near  Montgomery.  Representatives  of  the  peridotite  belt  have  been 
found  in  the  vicinity  of  Dudleyville,  Tallapoosa  County,  and  corundum 
has  been  found  in  fragments  on  the  surface  both  in  this  and  Coosa,  the 
adjoining  county  on  the  west.  No  corundum  has  yet  been  found  in 
place,  but  it  evidently  originated  in  the  peridotites.  But  little  prospect- 
ing has  been  done,  and  no  workable  deposit  has  been  found  in  the  State. 

Georgia,* — A  series  of  scattered  outcrops  extends  the  peridotite  belt 

^  E.  A.  Smith.  Geol.  Survey  Alabama,  1874,  W.  M.  Brewer,  Geol.  Sur.  Ala.,  Bull.  No. 
5,  1896 ;  E.  A.  Smith  and  Henry  McCalley,  Geol.  Sur.  Ala.,  Mln.  Resources,  1904,  p.  60 ; 
and  J.  H.  Pratt,  Bull.  U.  S.  Geol.  Survey  Xo.  180,  p.  79. 

••F.  P.  King,  Bull.  Geol.  Survey  Georgia  No.  2,  1894,  and  J.  H.  Pratt,  Bull.  U.  S. 
Geol.  Survey  No.  180,  pp.  63  and  80. 
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through  this  State  in  a  northeast  direction,  passing  in  a  general  way  up 
the  valley  of  the  Chattahoochee  River  to  the  western  extremities  of 
North  and  South  Carolina.  Along  this  line  corundum  has  been  found 
in  the  following  counties :  Rabun,  Towns,  Union,  Lumpkin,  Habersham, 
Hall,  Cobb,  Paulding,  Douglas,  Carroll,  Heard,  Troup,  and  somewhat 
oJ9f  the  line  to  the  east,  in  Walton.  In  Forsyth  County,  surface  speci- 
mens have  been  found  that  evidently  originated  in  the  quartz-schists 
of  the  region.  Surface  specimens  of  corundum  that  originated  in  a 
mica-schist  have  been  found  in  Upson  County.  Considerable  work 
has  been  done  along  this  belt,  most  of  it  in  the  nature  of  prospecting. 

Georgia  corundum  is  well  known,  and  perhaps  has  the  best  reputation 
of  any  on  account  of  that  obtained  from  the  Laurel  Creek  mine,  which, 
with  the  exception  of  the  Track  Rock  mine,  is  the  only  one  that  has 
produced  corundum  in  considerable  quantity.  The  peridotite  formations 
are  smaller,  the  corundum  localities  less  numerous,  and  corundum  is 
probably  less  abundant  than  in  North  Carolina,  although  that  from  the 
Laurel  Creek  mine  may  be  superior  to  any  thus  far  found  in  the  latter 
State. 

This  mine,  owned  by  the  International  Corundum  and  Emery  Com- 
pany, is  located  at  Pine  Mountain,  Rabun  County,  6a.,  18  miles  from 
W^lhalla,  S.  C,  which  is  the  nearest  point  on  the  railroad.  At  this 
locality  there  is  a  large  outcrop  of  peridotite,  covering  several  hundred 
acres,  and  near  the  contact  of  this  with  the  gneiss  large  deposits  of 
corundum  have  been  found.  Several  openings  have  been  made,  some  of 
which  have  been  worked  very  extensively.  The  formation  extends 
over  two  small  hills,  which,  on  account  of  their  rough  and  barren  nature, 
offer  a  sharp  contrast  to  the  surrounding  country.  On  the  west  side  of 
the  formation,  a  large  open  cut  has  been  made,  which  extends  for  the 
most  part  along  the  contact,  is  200  feet  in  depth  at  the  lower  end,  and 
gradually  rises  until  at  the  upper  end  the  surface  is  reached.  At  its 
lower  end  this  cut  encountered  what  is  known  as  the  Big  vein  of  massive 
corundum,  the  cut  having  followed  on  a  border  vein  of  crystal  corundum. 
PI.  XXIII  is  a  reproduction  of  a  photograph  of  this  cut,  which  shows  the 
gneiss  on  the  left,  the  peridotite  on  the  right,  and  the  shaft  house  in  the 
foreground. 

The  Big  vein  of  massive  corundum,  for  which  this  mine  is  noted,  is 
at  the  foot  of  the  south  slope  of  the  hill,  and  has  been  followed  from 
the  lower  end  of  the  big  cut  for  a  distance  of  over  300  feet.  Although 
this  vein  is  near  the  contact  of  the  peridotite  with  the  gneiss,  it  is 
separated  from  the  latter  by  a  band  of  peridotite  and  a  small  vein  of  sand 
corundum.     There   is   some   doubt   whether   this  gneiss   is  entirely   or 
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only  partially  surrounded  by  the  peridotite.  From  what  could  be  seen, 
and  from  information  obtained  from  Mr.  Andy  Evans,  foreman  of  the 
mine,  it  seems  very  probable  that  it  is  entirely  enclosed  in  the  mass  of 
peridotite.  *  The  Big  vein,  which  has  been  worked  by  an  inclined  shaft 
116  feet  deep,  with  tunnels  300  feet  in  length  running  from  this,  has 
brought  the  w^ork  up  to  the  block  of  gneiss  just  referred  to,  and,  according 
to  Mr.  Evans,  a  little  work  was  done  farther  to  the  east  which  showed 
that  the  corundum  vein  extends  beyond  the  south  side  of  the  block  of 
gneiss.  Open  cuts  on  the  east  and  west  sides  of  this  block  of  gneiss  have 
followed  border  veins  of  corundum.  Little  work  has  been  done  at  Laurel 
Creek  except  on  border  veins,  the  principal  exception  being  a  small 
interior  vein  near  the  east  end  of  the  formation,  from  which  considerable 
corundum  was  obtained,  but  the  vein  soon  began  to  pinch  out  (PL 
XX,  B). 

This  is  perha])s  the  most  famous  corundum  mine  in  this  country,  and 
has  furnished  ore  from  which  an  exceptionally  good  commercial  product 
has  been  obtained. 

It  has  not  been  worked  since  1804,  when  the  tunnels  and  shafts  of 
the  Big  vein  were  cut  of!  by  the  slipping  of  a  large  block  of  the  peridotite, 
nearly  a  200-foot  cube. 

The  Track  Eock  mine  is  in  the  northeastern  part  of  Union  County,  Ga., 
on  the  south  side  of  Track  Eock  Gap.  The  corundum  occurs  in  a  perido- 
tite formation,  which  is  very  much  decomposed  on  the  surface,  there 
being  very  little  visible  but  a  mass  of  chlorite-schist  containing  more  or 
less  actinolite.  A  tunnel  whose  upper  end  is  75  feet  l)elow  the  surface 
has  been  run  in  on  the  formation  for  about  200  feet,  with  short  branching 
tunnels  at  several  points.  From  the  material  cut  through  by  the  tun- 
nel, which  was  examined  by  Mr.  Francis  King,'  of  the  Georgia  Geological 
Survey,  the  rock  was  found  to  be  an  altered  peridotite,  made  up  of  small 
grains  of  chrysolite  surrounded  by  actinolite,  and  containing  many 
grains  of  magnetite.  It  is  probable  that  the  original  of  this  rock  was 
amphibole-peridotite. 

All  the  work  that  has  been  done  at  this  mine  has  been  entirely  within 
the  formation,  yet  the  best  results  would  be  expected  near  the  contact 
of  this  rock  with  the  surrounding  country  rock. 

South  Carolina* — Corundum  is  found  in  Laurens,  Anderson,  Oconee, 
York,  and  Spartanburg  counties.  The  western  portion  of  this  State  is 
in  the  line  of  peridotites  as  indicated  by  the  direction  of  the  belt  in 

•BuM.  Geol.  Survey  Georgia,  No.  2,  1894,  p.  O.*?. 

*  S.  C.  Resources,  etc.,  State  Board  of  A^r.,  1883,  p.  137,  and  J  H.  Pratt,  U.  S.  Geol. 
Sur.,  Bun.  180,  pp.  60  and  87. 


234      CORUNDUM  AND  PERIDOTITES  OF  WESTERN  NORTH  CAROLINA. 

Georgia  and  North  Carolina,  and  these  rocks  are' known  to  exist  along 
the  border  in  the  northwestern  corner.  But  little  work  has  been  done, 
however,  to  trace  out  their  distribution  or  to  locate  any  corundum  deposits 
that  may  exist. 

In  the  northeastern  part  of  York  County,  from  3  to  4  miles  west  of 
the  Catawba  river,  on  the  land  between  Allison  and  Crowder  creeks, 
corundum  has  been  found  in  a  belt  about  200  to  300  yards  wide  which 
skirts  along  the  western  slopes  of  Nannies  mountain.  This  locality  is 
about  12  miles  northeast  of  Yorkville,  S.  C,  and  25  miles  southwest  of 
Charlotte,  N.  C. 

Mining  operations  have  been  carried  on  at  two  distinct  portions  of  this 
belt,  one  a  mile  north  of  the  summit  of  Nannies  mountain,  on  the  prop- 
ertv  of  Mr.  Alexander  Rickard.  The  work  done  here  consists  of  a 
shaft  about  35  feet  deep,  from  which  several  drifts  have  been  run,  that 
penetrate  a  light-gray  granitic  rock  which  is  much  decomposed  and  of  a 
sandy  constituency.  The  only  solid  material  encountered  consisted  of 
irregular  masses  of  black  cleavable  corundum  associated  with  muscovite 
mica.  In  the  surrounding  fields  float  corundum,  ranging  in  size  from 
small  particles  to  masses  of  several  pounds  in  weight,  is  abundant,  and 
many  tons  of  this  have  been  picked  up  and  shipped. 

A  little  west  of  the  south  end  of  Nannies  Mountain,  about  1^  miles 
from  the  Rickard  mine,  there  is  a  similar  occurrence  of  corundum. 
There  have  been  a  number  of  shallow  cuts,  ditches,  and  pits  made  in 
prospecting  for  corundum,  but  apparently  none  was  found  in  place.  The 
rock  at  this  place  is  a  typical  light  gray  granite,  and  is  exposed  in  con- 
siderable ledges.  The  corundum  that  was  found  is  often  wrapped  in 
mica.  The  source  of  the  corundum  is  unquestionably  the  granitic  rock, 
as  described  on  page  222. 

North  Carolina,^ — As  remarked  above,  this  State  presents  the  greatest 
development  both  of  peridotite  and  corundum.  The  belt  here  attains  its 
greatest  width,  and  the  largest  outcrops  of  peridotite  rocks  in  the  Atlantic 
States  are  found  in  the  southwestern  counties.  As  indicated  on  the  map 
(PL  II),  corundum  occurs  in  Clay,  Swain,  Macon,  Jackson,  Haywood, 
Transylvania,  Buncombe,  Madison,  Yancey,  and  Mitchell  counties  along 
the  belt  of  basic  magnesian  rocks;  and  it  is  found  east  of  the  mountains 
in  the  counties  of  Cleveland,  Burke,  Gaston,  Alexander,  Iredell,  and 
Guilford.     These  localities  are  described  in  detail  beyond  (pp.  239-264). 

Virginia." — Thus  far  corundum  has  been  reported  from  only  three 

*.T.  V.  Lewis,  Geol.  Survey  North  Carolina.  Bull.  No.  11,  1896,  and  J.  H.  Pratt,  U  S. 
Geol.  Survey,  Bull.  No.  ISO,  p.  55. 

•  Mln.  Ues.  U.  S.,  18S3-4,  p.  736,  U.  S.  Geol.  Survey. 
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localities  in  Virginia.  '  The  first  is  in  Louisa  County,  where  a  large  deep- 
blue  crystal  was  found  by  Mr.  Louis  Zimmer,  and  reported  by  Mr. 
George  F.  Kunz.  The  second  is  that  described  by  Dr.  F.  A.  Genth '  in 
1890,  and  noted  in  describing  the  mode  of  occurrence  in  gneiss  (Chapter 
VII).  The  peridotite  belt  is  continued  through  the  State  by  a  great 
number  of  peridotite,  talc  and  serpentine  outcrops,  but  no  corundum  has 
been  reported  from  any  of  these  localities.  Tlie  third  locality  is  near 
Whittles,  Pittsylvania  County,  where  an  emery  variety  of  corundum  was 
found. 

Maryland. — The  peridotite  belt  is  well  represented  in  this  State,  but 
no  definite  information  can  be  obtained  that  any  corundum  has  been 
found,  beyond  a  stray  surface  specimen  reported  to  have  been  picked  up 
in  the  vicinit}-  of  White  Hall. 

•  Pennsylvania,* — The  serpentine  belt  that  comes  diagonally  across  Mary- 
land, is  continued  in  Pennsylvania  through  the  counties  of  Lancaster, 
Chester,  Delaware,  Montgomery,  and  Bucks.  Corundum  is  associated 
with  the  serpentine  rocks  of  this  belt  in  many  places,  especially  in 
Chester  and  Delaware  counties,  and  was  mined  to  a  certain  extent  in 
Chester  County  in  1891  and  1892.  It  occurs  here  somewhat  sparingly 
in  chloritic  zones  near  the  borders  of  the  serpentine,  but  is  also  found  in 
larger  amounts  associated  with  granular  albite,  the  occurrence  being 
similar  to  that  at  Buck  Creek,  Clay  County,  North  Carolina.  Fine  crys- 
tals of  asteriated  corundum,  associated  with  feldspar,  tourmaline,  and 
spinel,  have  also  been  found  near  Shimersville,  in  Lehigh  County. 

Delaware, — Corundum  has  been  found  very  sparingly  in  this  State 
in  the  serpentine  rocks,  in  the  vicinity  of  Chandlus  Hollow,  New  Castle 
County,  and  near  the  Pennsylvania  border. 

New  Jersey. — The  crystalline  belt  disappears  under  the  Jura-Trias 
near  Trenton,  almost  immediately  on  crossing  the  Pennsylvania  line. 
Portions  of  it  outcrop  again  farther  north  in  the  Highlands,  but  it  does 
not  reappear  in  the  line  of  the  peridotite  belt  till  we  find  it  on  the  oppo- 
site side  of  the  State  at  Hoboken,  where  serpentine  is  found,  but  no 
corundum.  Corundum  is  found,  however,  in  Sussex  County,  along  the 
borders  between  the  crystalline  limestones  and  the  gneiss. 

New  York.* — Blue  and  white  corundum  has  been  found  in  the  lime- 
stone, near  Amity  and  Warwick,  Orange  County,  the  occurrence  being 
similar  to  that  in  New  Jersey  (see  p.  226). 

»Am.  Jour.  Sci.,  Vol.  XXXIX,  1890.  p.  47. 

•  F.  A.  Genth,  2d  Geol.  Sur.  Pa.,  B,  1875.  p.  31 ;  and  J.  II.  Pratt,  Bull.  IT.  S.  Geol. 
Surrey  180,  pp.  66  and  86. 

•  Bull.  U.  S.  Geol.  Survey  No.  180,  p.  70 ;  and  J.  F.  Kemp  and  Arthur  Ilolllck,  Ann. 
N.  Y.  Acad.  Set.,  Vol.  VII,  1893,  p.  638. 
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Emery  deposits  are  associated  with  norite  rocks  in  Westchester  County, 
described  on  page  225.  Deposits  of  magnetite  and  emery  have  been 
found  at  a  number  of  places  3  to  4  miles  southeast  of  Peekskill.  These 
vary  considerably  in  character,  some  being  a  nearly  pure  magnetite, 
others  containing  magnetite  and  spinel,  and  still  others  magnetite,  spinel, 
and  corundum.  Those  within  a  mile  north  and  northeast  of  Crugers 
station  have  been  worked  for  iron  ore,  while  those  worked  for  emery  are 
in  the  southeastern  part  of  Cortland t  Township.  The  principal  openings 
have  been  made  on  a  ridge  running  north  from  Colabaugh  Pond,  and  it 
is  here  that  the  ore  has  been  mined.  While  the  iron  ore  and  emery 
appear  to  be  very  rich,  it  was  found  on  examination  that  there  was 
mixed  with  the  magnetite  more  or  less  dark-green  mineral,  which  Dr. 
George  H.  Williams  ^*  has  shown  to  be  the  pleonaste  variety  of  spinel. 
There  is  also  considerable  spinel  in  the  emery,  and  even  when  this  is 
abundant  the  emery  cannot  be  distinguished  in  the  hand  specimens 
from  that  in  which  there  is  almost  none  of  this  mineral. 

At  the  emery  deposits  in  the  southeastern  part  of  Cortlandt  Township 
the  percentage  of  corundum  varies  considerably  at  different  openings. 
It  is  sometimes  observed  in  small  blue,  white,  and  colorless  crystals. 
Spinel  is  associated  with  most  of  the  corundum,  and  much  of  the  material 
that  has  been  mined  for  emery  contained  little  or  no  corundum,  but 
consisted  of  magnetite  and  spinel.  This  material  has  most  of  the  requi- 
site properties  of  a  true  emery  except  the  high  degree  of  hardness  due 
to  the  corundum;  and  when  made  up  into  a  wheel  it  would  not  be  ex- 
pected to  possess  the  cutting  efficiency  of  a  true  emery  wheel.  The  spinel, 
which  is  8  in  hardness  (corundum  being  9),  would  play  the  same  part  in 
this  that  corundum  plays  in  the  true  emery,  and  while  not  so  hard  as 
corundum,  it  has  cutting  qualities  tliat  would  give  the  material  consid- 
erable value  as  an  abrasive.  For  many  purposes  wheels  made  from  this 
could  be  used  fully  as  well  as  emery  or  corundum  wheels  and  for  some 
purposes  they  might  be  used  to  better  advantage.  The  spinel  would  not 
interfere  in  the  manufacture  of  a  vitrified  wheel.  Some  of  the  material 
mined  here  carries  a  very  high  percentage  of  garnet. 

Connecticut. — Connecticut  has  thus  far  furnished  only  surface  speci- 
mens of  corundum  and  no  deposits  of  commercial  importance.  Early 
in  tlie  last  centurv  a  mass  of  cvanite  was  found  at  Litchfield,  '*  associated 
with  talc,  sulphuret  of  iron,  and  corundum — reported  to  weigh  1500 
pounds."  "  It  has  also  been  sparingly  found  with  sillimanite  in  the 
vicinity  of  Norwich.     A  peculiar  occurrence  of  corundiun  has  recently 

"Am.  Jour.  Sol.,  3d  series.  Vol.  XXXIII,  1882,  p.  194. 
"Edward  Hitchcock,  Am.  Jour.  Scl.,  Vol.  VI,  1823.  p.  219. 
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been  described  by  Prof.  B.  K.  Emerson  "  as  occurring  at  Barkhamsted, 
Litchfield  County.  It  is  granular,  resembling  somewhat  Ceylon  emery, 
and  of  a  dark-blue  to  blue-black  color  with  occasional  patches  of  a  pista- 
chio-green color.  Under  the  microscope  it  is  seen  to  be  composed  of 
elongated  grains,  throughout  which  arc  scattered  small,  stout  prisms  of 
cyanite  and  is  penetrated  through  and  through  with  grains  and  rounded 
balls  of  a  coaly  substance.     According  to  Prof.  Emerson : 

This  carbonaceous  matter  has  been  evidently  introduced  in  an  oily  or  tarry 
condition,  and  has  been  inspissated  in  place;  and  the  abundant  graphitic 
matter  in  the  garnet  gives  indication  of  the  same  origin. 

The  rocks  with  which  the  corundum  is  associated  are  cyanitic  mica- 
schist  and  fibrolite-gneiss.  In  the  latter  rock  are  found  the  garnets  coated 
with  graphite  which  are  mentioned  above. 

Massachusetts. — Xear  Pelham,  in  this  State,  corundum  has  been  found 
in  a  zone  of  biotite  along  the  contact  of  harzburgite  (saxonite)  on  gneiss. 
Incidental  to  the  mining  of  asbestos  at  this  locality,  several  tons  of  cor- 
undum ore  were  taken  out  and  shipped.  The  deposit  has  not  developed 
into  one  of  economic  importance  (see  p.  205). 

The  most  noted  deposit  in  this  State  is  the  emery  vein  at  Chester 
(see  p.  360).  This  occurs  in  a  band  of  amphi])olite  near  its  contact  with 
a  sericitic  schist  on  the  east.  The  emery  vein  can  be  followed  for  a 
distance  of  nearly  5  miles,  starting  from  where  it  is  first  encountered 
at  the  north  end  of  the  broad  band  of  amphibolite  on  the  left  bank  of 
Westfield  Eiver,  just  beyond  tlie  bridge  of  the  Boston  and  Albany  Kail- 
road.  The  general  strike  of  the  vein  is  a  little  cast  of  south,  and  extends 
for  the  most  part  parallel  to  the  line  of  contact  of  the  amphibolite  and 
schist.  Emery  is  not  found  throughout  the  entire  length  of  the  vein,  but 
this  can  be  almost  continuously  followed  by  means  of  streaks  of  chlorite. 
The  vein  varies  in  thickness  up  to  10  or  12  feet,  the  emery  having  ati 
average  thickness  of  about  6  feet.  On  both  sides  of  the  emery  tliere  are 
usually  thin  seams  of  chlorite,  varying  from  1  to  6  or  more  inches  in 
thickness. 

These  deposits  have  furnished  the  larger  part  of  the  emery  mined  in 
the  United  States. 

CORUNDUM    IN   THE   WESTERN    PART  OF  THE    UNITED  STATES. 

As  was  stated  above,  corundum  is  aiithenticallv  known  onlv  from 
Montana,  Colorado,  and  California,  although  it  has  been  reported  from 
Nevada  and  Utah.     The  occurrences  are  verv  different  from  those  in 
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the  eastern  part  of  the  United  States  and  but  one  of  them  is  associated 
with  basic  rocks  somewhat  similar  to  peridotite. 

Montana.^ — Sapphire  corundum  occurs  at  many  localities  in  this 
State,  which  have  considerable  economic  importance  as  a  source  of  sup- 
ply of  gems.  At  Yogo  Gulch,  Fergus  County,  blue  sapphires  are  found 
in  basic  monchiquite.  At  many  of  the  bars  on  the  Missouri  River,  east 
and  northeast  of  Helena,  sapphires  of  various  colors  are  found  which  have 
probably  originated  in  an  andesite  (see  page  224).  In  the  gravels  of 
Rock  Creek,  Granite  Count}',  many  handsome  sapphires  of  nearly  all 
colors  have  been  found. 

In  the  south-central  portion  of  Gallatin  County,  about  23  miles  south 
of  Belgrade,  corundum  for  abrasive  pur})0ses  has  been  found  in  com- 
mercial quantity.  It  occurs  in  a  syenite  rock,  which  is  described  on 
page  222.  This  property  has  been  developed  by  pits  and  crosscuts,  and 
these  show  the  deposit  to  be  very  persistent  and  regular  for  1000  feet, 
the  distance  that  the  work  has  been  carried  on.  The  property  has  been 
thoroughly  equipped  with  machinery  for  mining,  cleaning,  and  pre- 
paring the  commercial  conmdum ;  and  its  product  is  now  on  the  market. 
The  tests  that  have  been  made  on  the  finished  products  show  that  it  has 
a  very  good  abrasive  eflSciency. 

Near  Xorris,  Madison  County,  corundum  of  gem  quality  has  been 
found  by  Mr.  A.  M.  Tanner,  in  his  concentrates  from  gold  placer  mining. 
One  piece  of  corundum  showing  good  red  and  green  colors,  weighed  8 
ounces,  and  one  piece  of  ruby  color  weighed  588i  carats. 

Colorado. — At  the  Calumet  iron  mines,  in  Chaffee  County,  corundum 
crvstals  have  boon  found  in  the  mica-schists  at  their  contact  with  in- 
trusive  dikes  of  diorite.  ^Ir.  R.  C.  Hills,  Geologist  to  the  Colorado  Fuel 
and  Iron  Company,  writes  that  it  is  a  band  of  rock*6  inches  to  2  feet 
thick  that  has  been  followed  for  a  distance  of  500  feet  and  that  it 
averaged  40  per  cent  of  corundum. 

An  interesting  ocouiTcnce  of  corundum  has  recently  been  observed  in 
Fremont  Countv,  Colo.,"  about  7  miles  from  Canvon,  the  nearest  rail- 
road  station.  Tlie  corundum  occurs  in  a  matrix  composed  of  quartz, 
plagioclase  feldspar,  and  mica  (miiscovite  and  biotite).  The  maximum 
width  that  has  been  observed  of  this  rock  is  3  feet,  and  it  has  beeq  traced 
for  a  distance  of  3000  feet.  Tlie  corundum  is  thickly  scattered  through 
the  rock  in  small  particles  and  fragments  up  to  half  an  inch  or  more  in 
diameter.     It  does  not  occur  in  good  crystals,  but  some  rough  hexagonal 

»  Hull.  U.  S.  Geol.  Survey  No.  ISO.  p.  47. 
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prisms  half  an  inch  in  diameter  were  observed.  Its  color  varies  from 
nearly  colorless  through  a  pale  blue  to  a  rather  deep  blue  and  is  some- 
times a  pale  green.  There  is  but  little  development  of  parting  planes  in 
the  corundum,  and  it  shows  on  nearly  all  its  exposed  surfaces  a  rough 
conchoidal  fracture.  In  the  specimens  that  have  been  examined  the 
quartz  forms  a  considerable  percentage  of  the  rock,  while  the  corundum 
sometimes  appears  nearly  as  prominent.  The  feldspars  and  micas  are 
developed  to  a  less  extent.  The  corundum  is  transparent  to  semi-trans- 
parent, and  some  is  of  gem  quality.  No  work  has  been  done  to  develop 
the  property. 

This  adds  another  locality  to  the  occurrences  of  corundum  associated 
with  feldspar  in  an  acidic  rock.  The  feldspar  is  not  nearly  so  promi- 
nently developed  in  this  rock  as  it  is  in  the  occurrences  of  corundum 
in  syenite  in  Montana,  and  in  Ontario,  Canada.  In  the  Canada  occur- 
rence the  feldspar  is  an  orthoclase;  at  the  Colorado  locality  it  is  a  plagio- 
clase  feldspar.  The  rock  is  granitic  in  character.  The  value  of  this 
deposit  for  abrasive  purposes  will  depend  upon  the  cost  of  the  separation 
of  the  corundum.  The  quality  of  the  corundum  is  good,  and,  as  far  as 
can  be  judged  without  making  actual  tests,  it  would  make  a  good  vitrified 
wheel.  This  property  is  now  being  investigated  by  Mr.  Eugene  Weston, 
of  Canyon. 

California. — A  discovery  of  corundum  has  been  made  in  Plumas 
County,  Cal.,  about  1^  miles  northwest  of  Meadow  Valley.  It  occurs  in 
a  dike  (plumasite)  composed  of  feldspar  and  corundum  cutting  a  mass 
of  serpentine  on  the  eastern  flank  of  Spanish  Peak  at  an  elevation  of 
about  4100  feet.  The  corundum  occurs  in  crystals  and  rough  fragments 
from  blue  to  bluish-gray  in  color  (see  p.  223). 

NORTH    CAROLINA    LOCALITIES    IN    DETAIL. 

In  a  general  way,  the  corundum  localities  of  !N'orth  Carolina  are  indi- 
cated on  the  map  (PI.  II),  except  those  of  Gaston  and  Guilford  counties. 
In  the  following  enumeration  of  localities  those  west  of  the  Blue  Ridge 
will  be  considered  first — beginning  with  Clay  County,  in  the  south- 
western corner  of  the  State — and  afterwards,  the  localities  east  of  the 
mountains. 

CLAY  COUNTY. 

One  mile  south  of  Elf,  on  Shooting  Creek,  and  5  miles  southeast  of 
Hayesville,  peridotite  occurs  within  about  a  mile  of  the  Georgia  line,  and 
corundum  is  found  associated  with  it  in  its  most  southerly  outcrops, 
on  the  property  of  Mr.  W.  C.  Ledford   (see  fig.  1,  p.  37).     It  occurs 
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timately  associated  with  garnet  would  prevent  its  being  of  any  con- 
siderable value.  None  of  this  ore  has  been  shipped  or  cleaned.  (PI. 
XXI,  A.) 

Long  bands  of  corundum-bearing  quartz-schist  have  been  located  in 
what  may  be  called  the  Blue  Ridge  corundum  tracts  in  the  southeastr 
em  part  of  this  County  and  in  the  adjoining  Babun  County,  Qeorgia. 
Parallel  bands  of  this  schist  have  been  followed  for  a  number  of  miles 
nearly  to  the  summit  of  the  Chunky  Gal,  Yellow,  and  Scaly  mountains. 
As  is  stated  on  page  216,  the  percentage  of  corundum  in  these  rocks  is 
probably  not  over  6  per  cent. 

Under  this  head  are  included  those  areas  of  similar  corundum-bearing 
rock  known  as  the  Scaly  Mountain,  Foster,  Yellow  Mountain,  and  Chunky 
Gal  tracts. 

The  Scaly  Mountain  tract  is  on  the  southern  and  southwestern 
slopes  of  the  mountain,  at  an  elevation  of  about  4600  feet,  near  the  head- 
waters of  Beech  Creek,  a  prominent  eastern  tributary  of  the  Tallulah 
River.  The  corundum-bearing  band  of  schist  has  been  traced  for  a  dis- 
tance of  about  2  miles.  The  general  strike  of  this  is  N.  40**  E.,  and  it 
dips  westward  at  an  angle  of  20  to  30°.  Experiments  show  that  the 
amount  of  corundum  in  this  schist  is  less  than  5  per  cent,  although  some 
specimens  have  yielded  12  per  cent,  but  these  were  pieces  broken  oflE  along 
the  lamination  of  the  schist,  while  the  main  mass  from  which  they  were 
obtained  carried  but  a  low  percentage  of  corundum. 

The  Foster  tract  is  wholly  within  Georgia,  the  North  Carolina  line 
being  its  northern  boundary.  Its  occurrence  is  almost  indentical  with 
that  at  Scaly  Mountain. 

The  Yellow  Mountain  tract  is  north  of  the  Scaly  Mountain  tract, 
on  the  northern  slopes  of  the  Yellow  Mountains.  No  prospecting  has 
been  done  here  but  from  the  indications  the  occurrence  is  the  same  as 
at  the  other  localities. 

The  Chunky  Gal  tract  is  at  the  summit,  and  along  the  western  slopes 
of  the  Chunky  Gal  Mountains,  near  the  headwaters  of  Sugar  Cove  Creek. 
With  a  few  interruptions,  the  corundum-bearing  schist  has  been  traced 
for  over  2  miles.  The  strike  and  dip  are  approximately  the  same  as  at 
the  others.  A  number  of  pits  and  cuts  have  been  made,  from  which 
considerable  ore  has  been  taken  out  and  tested,  and  the  reports  show  the 
percentage  to  be  practically  the  same  as  at  other  localities. 

The  corundum  bands  of  the  schists  on  all  the  tracts  vary  considerably 
in  width,  some  being  not  over  a  foot  wide  while  others  measure  18  feet. 
These  wider  bands,  however,  often  include  bands  of  normal  schist.  More 
or  less  garnet  has  been  found  associated  with  the  corundum  in  these 
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schists,  which,  if  not  separated,  would  prevent  the  commercial  product 
from  being  used  in  the  manufacture  of  a  vitrified  wheel. 

From  the  extent  of  the  corundum-bearing  schist,  it  may  be  inferred 
that  there  is  undoubtedly  a  large  quantity  of  corundum  in  this  section, 
but  the  low  percentage  of  the  corundum  in  the  rock  makes  it  doubtful 
whether  it  can  be  profitably  mined. 

The  Corundum  Mining  and  Manufacturing  Company  of  Philadelphia 
worked  these  deposits  on  the  Scaly  Mountain  and  Foster  tracts  for  a 
number  of  years  (1900  to  1902).  A  complete  plant  for  handling  and 
cleaning  the  ore  was  installed,  but  only  a  few  tons  of  corundum  were 
prepared  for  market. 

On  the  mountains  forming  the  divide  between  Shooting  and  Buck 
creeks,  corundum  has  been  found  at  a  number  of  places,  but  for  the 
most  part  in  small  pockets,  that  give  no  indications  that  it  may  occur  in 
quantity.  In  Kiley  Cove  of  Eiley  Mountain,  on  the  land  of  Mr.  John 
Hanson,  about  1^  tons  of  pure  white  corundum  were  mined  by  Mr. 
Charles  C.  Foster,  of  Boston.  One  mass  was  found  that  weighed  nearly 
400  pounds.  Nearly  all  of  the  corundum  was  surrounded  by  margarite. 
On  account  of  the  decomposition  of  the  rock  in  which  the  corundum  was 
found,  the  nature  of  its  occurrence  is  not  definitelv  known,  but  it  is 
probably  associated  with  peridotite  rocks. 

The  most  important  corundum  locality  in  Clay  County  is  the  Buck 
Creek  region,  where  the  corundum  is  associated  with  the  largest  compact 
peridotite  area  in  the  State,  a  topographic  and  geologic  map  of  which 
is  shown  in  PI.  V,  together  with  the  various  openings  that  have  been 
made  for  corundum.  This  mass  of  peridotite  has  been  fully  described 
on  page  72.  The  locality  is  in  the  narrow  Buck  Creek  Valley  about  20 
miles  southwest  of  Franklin,  Macon  County,  and  21  miles  a  little  north  of 
east  of  Hayesville,  Clay  County. 

The  principal  mining  has  been  done  in  connection  with  the  main  mass 
of  the  peridotite  on  both  sides  of  Buck  Creek,  and  this  is  known  as  the 
Buck  Creek  or  Cullakeenee  mine. 

The  first  discovery  of  corundum  at  this  locality  was  by  Dr.  C.  D. 
Smith  of  Franklin,  N.  C.  prior  to  1875.  Large  loose  blocks  of  corundum, 
associated  with  feldspar  and  hornblende,  were  found  on  the  surface. 
The  first  prospecting  was  done  by  Major  Bryson  about  1875;  and  two 
years  later  Mr.  Frank  Meminger  worked  for  six  months,  removing  about 
30  tons  of  corundum. 

For  a  period  of  ten  years  no  further  mining  operations  were  under- 
taken; then  work  was  resumed  by  Mr.  Ernst  and  continued  for  nine 
months,  chiefly  in  the  nature  of  prospecting.     A  number  of  pits  and 
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tunnels  were  opened,  especially  on  the  west  side  of  the  creek,  and  about 
200  hundred  tons  of  ore  were  taken  out.  During  another  period  of  four 
years,  the  mine  was  idle;  then  operations  on  a  larger  scale,  were  begun 
by  Mr.  Gregory  Hart,  of  Detroit,  Mich.,  and  continued  for  a  year  and  a 
half,  during  which  time  the  shaft  was  sunk  on  the  border  vein  and 
several  open  cuts  made  on  interior  veins.  Considerable  quantities  of 
corundum  were  taken  out  during  this  time,  but  none  was  shipped.  Most 
of  the  product,  however,  was  in  large  massive  blocks  associated  with  feld- 
spar and  black  hornblende,  and  there  was  no  means  at  hand  for  crushing 
and  cleaning  it. 

In  1893,  the  mine  was  purchased  by  the  Hampden  Emery  and  Corun- 
dum Company,  and  the  material  already  mined  was  hauled  to  Corundum 
Hill  and  cleaned  with  the  product  of  that  mine.  The  mine  is  now 
owned  by  the  International  Emery  and  Corundum  Company  of  New 
York.  There  has  been  but  very  little  systematic  mining  for  corundum 
at  this  locality,  and  most  of  the  work  that  has  been  done  was  in  the 
nature  of  prospecting.  Numerous  cuts  and  pits  have  been  made  at  a 
great  many  points  on  the  formation,  most  of  which  have  shown  the  pres- 
ence of  corundum.  The  principal  work  has  been  done  on  the  east  side, 
near  the  contact  of  the  dunite  with  the  gneiss,  where  a  shaft  40  feet  deep 
was  sunk  partially  on  a  border  vein.  From  this  shaft  two  tunnels  were 
run,  but  they  did  not  follow  the  main  direction  of  the  vein.  A  number 
of  open  cuts  in  this  vicinity  have  penetrated  into  the  same  vein.  This 
vein  is  different  from  most  of  the  corundum  veins  in  the  peridotite 
rocks,  in  that  it  is  composed  essentially  of  corundum,  plagioclase  feldspar, 
and  hornblende.  PI.  XXIV,  A,  is  a  general  view  of  the  Buck  Creek 
formation,  showing  the  location  of  the  shaft  and  the  border  vein  that  has 
been  opened.  With  this  exception,  most  of  the  pits  and  cuts  that  have 
been  made  are  within  the  formation  itself,  and  where  they  encountered 
corundum  it  has  been  in  small  pockets,  which  are  the  remnants  of  former 
interior  veins.  (See  A  of  PI.  XX.)  From  the  amount  of  corundum 
exposed  by  prospecting  and  by  the  work  done  in  the  shaft,  there  is  without 
doubt  a  large  amount  of  corundum  associated  with  these  peridotite  rocks, 
and  if  the  mine  were  more  accessible  to  the  railroad  it  would  offer  one  of 
the  best  corundum  prospects  in  the  country.  The  nearest  shipping  point 
at  the  present  time,  however,  is  Murphy,  which  is  over  40  miles  to  the 
west.  The  nearest  point  on  the  Murphy  branch  of  the  Southern  railroad 
is  only  18  miles,  to  which  a  good  road  can  be  built,  which  would  not  be  so 
moimtainous  as  the  first  18  miles  of  the  road  to  Murphy.  Buck  Creek 
offers  a  sufficient  water  supply  for  running  a  mill  to  clean  tlie  corundum. 

In  the  green  amphibolites  lying  between  the  peridotite  and  gneiss  and 
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penetrating  the  mass  of  the  former,  corundum  of  a  delicate  pink  to  niby- 
red  color  is  abundant.  At  the  top  of  the  ridge  on  the  west  side  of  the 
creek  several  tons  were  mined.  On  account  of  the  refractoriness  of  the 
amphibolite  it  is  not  a  profitable  material  to  work. 

Xear  the  northwestern  end  of  this  peridotite  mass,  where  it  is  much 
narrower  than  the  main  mass,  is  the  Herbert  mine,  which  is  owned  by 
the  Xorth  Carolina  Corundum  Company  of  Detroit  (PI.  XXIV,  B).  The 
corundum  has  been  found  in  a  number  of  small  veins  of  almost  massive 
corundum  3  to  6  inches  thick.  The  main  portion  of  the  peridotite  mass  is 
farther  east,  and  the  largest  deposits  of  corundum  are  probably  associated 
with  this  mass.  The  company  has  developed  this  property  quite  extensively, 
and  also  another  on  the  land  of  Mr.  Marion  Passmore,  to  the  northeast, 
and  erected  a  complete  mill  for  treating  the  ore.  During  1903  and  1904, 
this  Company  was  the  only  one  which  produced  any  corundum.  The 
corundum  here  is  associated  with  a  long  apophysis  running  out  from  the 
main  mass  of  the  peridotite.  One  mass  of  yellow  corundum  weighing 
125  pounds  was  also  found  in  this  vicinity  on  land  belonging  to  Mr. 
Hugh  Ferguson,  of  Pittsburgh,  Pa. 

MACON  COUNTY. 
CORLNDUM. 

It  was  in  this  countv  that  corundum  was  first  mined  in  North  Carolina, 
and  from  1893  to  1900  it  was  tlie  only  county  producing  any  corundum 
for  market. 

In  the  valley  of  the  Little  Tennessee  River  above  Franklin  there 
are  a  great  many  peridotite  outcrops,  most  of  which  are  indicated  on 
the  map,  PI.  II.  Emery  has  been  found  at  a  number  of  these  places, 
but  corundimi,  as  far  as  is  known,  at  only  one.  This  locality  is  at  the 
head  of  Hickory  Knoll  Creek,  at  an  elevation  of  about  4000  feet,  on  the 
western  slope  of  Fish  Hawk  Mountain.  A  number  of  small  dunite  out- 
crops are  found  hero,  and  where  these  are  exposed  near  the  surface,  they 
have  a  well-developed  radial  enstatite  casing  (PI.  XIV,  A).  A  small 
amount  of  corundum  has  been  found  associated  with  them. 

Six  miles  southeast  of  this,  and  just  south  of  Mount  Scaly,  corundum 
has  been  found  in  small  crystals  and  grains,  with  outcrops  of  soapstone 
and  a  fibrous,  asbestos-like  mineral.  Radiating  cases  of  talc,  enclosing  an 
ocherous,  earthy  material,  are  found  here,  representing  the  original 
peridotite,  which  is  not  now  visible  on  the  surface. 

Near  Coweeta,  pink  corundum  has  been  found  embedded  in  masses 
of  a  greenish  cyanite,  but  none  has  been  found  in  place. 
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The  most  important  corundum  region  in  the  mountain  district  lies 
7  miles  southeast  of  Franklin,  just  north  of  the  Cullasaja  River,  and 
between  EUijay  and  Walnut  creeks,  two  of  its  tributaries.  On  this, 
one  of  the  most  prominent  western  spurs  of  the  Cowee  Mountains,  are 
found  more  promising  corundum  localities  than  in  any  other  region  of 
equal  area  within  the  State,  or  indeed,  in  the  whole  Appalachian  crjrstal- 
line  belt.  In  this  region,  within  a  total  area  of  less  than  20  square 
miles,  there  are  at  least  fifteen  distinct  areas  of  peridotite;  and  corundum 
in  greater  or  less  quantity  has  been  found  associated  with  nearly  all 
of  them. 

Corundum  Hill  mine, — On  the  southern  point  of  this  spur  is  the  Cor- 
undum Hill  mine,  which  is  the  most  widely  known  mine  in  the  country 
and  the  one  that  has  furnished  by  far  the  greater  part  of  American  corun- 
dum since  the  beginning  of  the  industry. 

This  mine  is  7  miles  southeast  of  Franklin,  on  Cullasaja  Creek,  a 
tributary  of  the  Little  Tennessee  River.  The  post-oflBce  is  Cullasaja. 
Since  the  beginning  of  active  mining  here  in  1878,  it  afforded  a  constant 
annual  product  of  200  to  300  tons  of  cleaned  corundum  up  to  1900 ;  but 
since  that  time  there  has  been  but  a  small  amount  of  corundum  mined. 

Work  was  begun  here  in  1871  by  Col.  C.  W.  Jenks,  and  there  being  then 
no  precedent  or  guide  in  mining  for  corundum,  many  mistakes  and 
failures  were  made  during  the  first  year.  For  instance,  the  value  of  sand 
corundum  was  not  then  realized,  and  the  only  material  put  on  the 
market  besides  gems  and  cabinet  specimens  consisted  of  the  larger 
crystals  and  pieces  of  massive  corundum.  About  100  tons  of  this 
material  were  mined,  which  was  fully  90  per  cent  pure.  This  was 
sold  to  the  S.  S.  White  Dental  Co.  of  Philadelphia,  Pa.,  and  to  Pusey 
Jones  &  Co.,  of  Wilmington,  Del.,  and  several  small  lots  were  sent 
abroad. 

The  corundum  found  at  this  mine  occurs  in  a  peridotite  rock  and  has 
been  worked  very  extensively,  especially  near  the  contact  of  this  rock 
with  the  gneiss.  Plate  XXV  is  a  general  view  of  this  peridotite  forma- 
tion and  shows  to  a  certain  extent  the  number  of  openings  that  have  been 
made  in  mining  for  corundum.  The  summit  of  this  hill  is  about  500 
feet  above  the  level  of  Cullasaja  Creek.  Plate  VI  is  a  topographic  and 
geologic  map  of  this  peridotite  formation  and  shows  the  location  of  the 
various  mines.  It  is  a  rather  blunt,  lens-shaped  mass  of  dunite,  covering 
an  area  of  about  10  acres,  over  most  of  which  the  rock  is  exposed.  As  is 
seen  from  the  map,  most  of  the  openings  are  located  near  the  contact 
of  the  dunite  with  the  gneiss  or  schist,  along  border  veins  of  corundum. 
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A  number  of  interior  veins  have  been  worked  within  the  formation  but 
with  the  exception  of  the  one  marked  "  Shaft  ^'  on  the  map,  they  have  all 
soon  pinched  out;  and  they  can  be  profitably  worked  only  in  connection 
with  the  large  border  veins. 

Most  of  the  mining  has  been  done  on  the  south  side  of  the  formation, 
where  was  encountered  what  is  known  as  the  "  Big  Vein.''  This  was  first 
mined  by  means  of  open  cuts,  and  later  by  tunnels,  the  last  one  being 
about  300  feet  below  the  summit  of  the  hill.  Plate  XXVI  is  a  view  of 
the  entrance  to  this  tunnel,  and  shows  the  peridotite  rock  on  the  left  and 
the  gneiss  beyond  the  cut  on  the  right.  For  nearly  the  whole  distance  of 
the  southern  boundary  of  the  dunite  formation,  a  cut  has  been  made, 
following  the  contour  of  the  hill.  This  cut  was  sometimes  wholly 
within  the  gneiss,  at  other  times  wholly  within  the  peridotite,  and  again 
it  was  directly  on  the  contact.  The  tunnels  are  all  to  the  left  of  the 
cut,  and  they  have  encountered  corundum  almost  continuously  for  a  dis- 
tance of  1280  feet,  reaching  almost  to  the  southeast  boundary  of  the 
formation.  Plate  XXVII  is  a  view  of  the  southeastern  end  of  this  cut, 
showing  the  peridotite  on  the  left  and  gneiss  and  schist  on  the  right.  The 
upper  part  of  this  cut  is  known  as  the  Stanfield  mine.  A  tunnel  has 
been  run  into  the  hill  near  the  contact,  and  in  places  the  vein  of  corundum 
was  8  to  10  feet  wide.  No  work  has  been  done  at  this  point  for  a  num- 
ber of  years. 

On  the  northeast  side  of  this  formation  is  what  is  known  as  the  Zeb 
Jones  mine,  in  which  there  has  been  exposed  a  bench  of  ore  25  feet  deep 
and  2  to  5  feet  wide,  uncovered  for  a  distance  of  50  feet,  which  averaged 
very  close  to  50  per  cent  conmdum.  This  vein  carries  what  is  known 
as  "  buckwheat ''  corundum,  which  as  its  name  suggests,  is  made  up  of 
small,  irregular  particles  of  corundum  about  the  size  of  buckwheat 
grains  (see  B  of  PI.  XXI). 

From  the  various  openings,  block,  crystal,  and  sand  corundum  ores 
have  been  obtained,  all  of  which  can  be  readily  cleaned  and  furnish 
a  commercial  product  that  can  be  used  in  the  manufacture  of  any  kind 
of  corundum  wheel.  A  small  amount  of  garnet  is  occasionally  found 
associated  with  the  corundum  in  the  vein  near  the  southern  contact,  but 
this  portion  of  the  ore  can  readily  be  eliminated  at  the  mine  by  hand 
cobbing. 

The  water  supply  at  the  mine  is  rather  limited,  but  sufficient  has  been 
obtained  to  carry  all  the  sand  and  gravel  corundum  to  the  mill  in  a  line 
of  sluice  troughs  a  mile  and  a  half  in  length.  The  rolling  and  scouring 
action  to  which  the  ore  is  subjec^ted  in  going  this  distance  does  much  to- 
ward separating  the  corundum  from  its  accompanying  impurities.    The 
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massive  corundum  is  hauled  to  the  mill  in  wagons,  but  as  it  is  down 
grade  practically  all  the  way,  the  cost  per  ton  for  hauling  is  small.  Cul- 
lasaja  Creek  furnishes  all  the  necessary  power  for  running  the  washing 
and  cleaning  machinery  at  the  mill. 

The  Corundum  Hill  mine  is  owned  by  the  International  Emery  and 
Corundum  Company  of  New  York,  who  also  own  the  Buck  Creek  mine, 
in  Clay  Count}',  N.  C,  and  the  Laurel  Creek  mine  at  Pine  Mountain, 
Georgia. 

At  many  of  the  other  peridotite  outcrops  on  the  mountain  between 
Ellijay  and  Walnut  creeks,  corundum  has  been  found  in  greater  or  less 
quantity,  and  at  two  localities,  the  Mincey  and  Higdon  mines,  extensive 
mining  was  done  several  years  ago. 

The  Mincey  mine  is  located  about  2  miles  northeast  of  the  Corundum 
Hill  mine,  7  miles  southeast  of  Franklin,  and  but  a  short  distance 
above  Ellijay  Post-oflBce.  At  this  locality  there  is  a  considerable  outcrop 
of  peridotite  (dunite),  on  a  hill  rising  directly  from  Ellijay  Creek. 
About  150  tons  of  corundum  have  been  taken  out  of  this  mine  by  the 
Hampden  Emery  and  Corundum  Company  which  formerly  owned  the 
property.  The  main  work  consists  of  a  large  open  cut  in  the  midst  of 
the  formation,  which  was  extended  by  means  of  a  shaft  and  tunnel,  the 
mouth  of  the  tunnel  being  nearly  on  a  level  with  the  creek.  Plate 
XXVIII  is  a  view  of  this  cut  and  shows  its  location  entirely  within  the 
formation.  Nearer  the  contact  of  the  dunite  with  the  gneiss  another  cut 
was  made,  in  which  some  corundum  was  also  found. 

The  amount  of  corundum  mined  and  that  found  on  the  surface  and 
near  the  contact  of  the  dunite  with  the  gneiss  indicate  that  it  exists 
in  quantity  along  the  contact.  The  conmdum  that  was  mined  here  was 
hauled  in  wagons,  after  partial  cleaning,  to  the  mill  at  CuUasaja.  A  con- 
siderable portion  of  it  was  crystal  corundum  of  a  peculiar  bronze 
color,  known  locally  as  "  pearl  corundum." 

Near  by  is  the  Moses  mine,  which  was  also  worked  by  the  same  com- 
pany for  a  short  time.  Neither  of  these  mines  have  been  operated  since 
1894. 

Between  the  Corundum  Hill  and  Mincey  mines  there  is  a  bold  outcrop 
of  dunite,  covering  about  the  same  surface  area  as  that  at  Corundum 
Hill.  No  mining  has  been  undertaken  here,  but  prospecting  has  been 
carried  on  to  a  limited  extent  by  sinking  numerous  shallow  pits  at 
various  points  within  the  formation,  at  many  of  which  corundum  was 
encountered.  Numerous  boulders  and  fragments  carrying  corundum 
have  been  found  near  the  lower  borders  of  the  formation  and  in  the 
stream  beds.     Although  no  large  deposit  has  as  yet  been  located,  there 
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are  strong  indications  of  the  existence  of  a  corundum  deposit  of  consid- 
erable extent  at  the  contact  of  the  peridotite  with  the  gneiss.  This  prop- 
erty is  owned  by  Mr.  John  Gray,  of  Ellijay,  Macon  County.  Corun- 
dum has  also  been  found  on  the  land  between  the  Gray  property  and 
Higdon  mine,  belonging  to  Mrs.  J.  L.  Robinson,  of  Franklin. 

Near  the  summit  of  the  mountain  on  which  the  Corundum  Hill  mine 
is  located,  but  on  the  opposite  or  Ellijay  side,  is  the  Higdon  mine.  This 
mine  was  opened  in  1895  by  Mr.  Chas.  C.  Foster,  of  Boston,  and  is 
now  owned  by  the  American  Corundum  Company. 

The  outcrop  of  peridotites  at  this  locality  is  not  large  and  a  small 
border  vein  of  sand  corundum  was  opened.  The  gneiss  wall  is  generally 
very  sharply  defined,  while  on  the  opposite  wall  are  the  alteration  products 
of  dunite  which  pass  into  the  normal  rock.  The  vein  was  opened  by  a 
cut  and  shaft  about  100  feet  deep.  A  mill  was  built  at  the  foot  of  the 
mountain  on  the  Ellijay  road  and  the  corundum  was  carried  to  it  in 
troughs  by  gravity.  A  considerable  quantity  of  the  ore  was  cleaned  but 
none  has  been  shipped.    This  property  has  not  been  worked  since  1896. 

Considerable  work  in  the  nature  of  prospecting  has  been  done  at  the 
New  Mincey  and  the  Haskett  mines,  which  are  further  up  the  creek,  the 
latter  being  nearly  at  the  summit  of  the  Blue  Ridge,  about  one-half 
mile  from  Cullowhee  Gap.  Neither  of  these  properties  has  yet  shown 
any  quantity  of  corundum.  Two  miles  above  the  Mincey  mine,  and  near 
the  Cullowhee  road,  is  the  Jake  Moore  mine,  where  the  little  prospecting 
that  has  been  done  has  shown  the  presence  of  what  is  apparently  a  border 
vein  of  corundum. 

Near  the  foot  of  the  eastern  slope  of  the  Nantahala  Mountains,  on 
the  Buck  Creek-Franklin  road,  a  small  amount  of  corundum  was  found 
in  a  saprolitic  rock.  Mining  on  a  small  scale  was  undertaken  here  by 
Dr.  H.  S.  Lucas,  and  a  little  of  the  ore  was  hauled  to  his  mill  at  Frank- 
lin. There  is  no  indication  of  any  large  supply  of  corundum  here. 
Near  Nona  post-oflfice,  7  miles  west  of  Franklin,  well-formed  corundum 
crystals  have  been  found  in  the  soil  resulting  from  the  disintegration  of 
gneissic  rocks.  At  the  Raby  mine,  on  Burningtown  Creek,  well  crys- 
tallized corundum  is  sparingly  found. 

The  Sheifield  mine  is  in  Cowee  Township,  about  7  miles  a  little  north- 
east of  Franklin,  and  about  1^  miles  nearly  east  of  West  Mills.  It  is  on 
the  north  side  of  Cowee  Creek,  on  a  hill  rising  150  feet  above  the  creek, 
and  was  operated  by  the  National  Abrasive  Manufacturing  Company  of 
New  York.  The  corundum  occurs  in  an  amphibole-schist  which  is 
described  on  page  216. 

The  corundum  is  in  oval-shaped  nodules  up  to  an  inch  in  diameter, 
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of  a  pink  and  purplish  color;  it  is  of  exceptionally  good  quality  and 
high  abrasive  eflBciency.  It  does  not  constitute  over  3  to  5  per  cent 
of  the  rock,  although  in  the  seams  or  bands  in  which  it  is  more  or 
less  concentrated  (see  fig.  26)  the  percentage  is  as  high  as  10.  Asso- 
ciated with  the  oonmdum  are  a  pink  almandine  garnet,  which  at 
times  forms  a  considerable  per  cent,  pyrrhotite  and  chalcopyrite  in  very 
small  particles  or  seams,  sparingly  disseminated  through  the  rock,  and 
also  very  sparingly,  small  scales  of  graphite.  On  account  of  the  depth 
to  which  decomposition  has  extended,  the  solid  rock  was  observed  only 
in  the  lower  portion  of  the  87-foot  shaft  and  nothing  definite  can  be 
stated  as  to  the  extent  of  this  corundum-bearing  rock.  Practically  all 
the  mining  that  has  thus  far  been  carried  on  here  for  conmdum  has 
been  in  the  decomposed  (saprolitic)  rock,  and  this  has  been  done  by 
means  of  tunnels  and  shafts.  The  corundum  could  be  profitably  mined 
in  this  saprolitic  rock,  although  it  forms  but  3  to  5  per  cent  of  the  rock, 
but  when  the  hard,  tough,  undecomposed  rock  is  encountered,  which 
carries  more  or  less  garnet,  the  problem  will  be  altogether  different,  and 
it  is  not  probable  that  it  can  be  economically  mined. 

A  small  cleaning  plant  has  been  erected  at  the  foot  of  the  hill  near 
the  creek,  which  has  a  capacity  of.  about  2  tons  a  day. 

Red,  ruby,  and  gray  corundum  has  been  found  in  the  gravel  beds  of 
many  of  the  creeks  flowing  into  the  Cowee.  Some  massive  pieces,  1  or  2 
inches  in  diameter,  of  a  ruby-red  conmdum  have  been  found  on  the 
William  West  farm,  near  West  Mills.  A  region  that  has  attracted  much 
attention  is  in  the  valley  of  Caler  Fork  of  Cowee  Creek,  where  is  located 
the  Ruby  mine  of  the  American  Mining  and  Prospecting  Company, 
described  on  page  181. 

At  the  Read  or  Watauga  mine,  which  is  6^^  miles  east  of  Franklin,  on 
the  Dillsboro  road,  just  above  Watauga  Creek,  corundum  has  been  found 
in  a  dike  of  saprolitic  rock  that  probably  was  originally  an  amphibolite. 
The  country  rock  is  a  hornblende  gneiss,  but  in  the  immediate  vicinity  of 
the  dike  no  solid  rock  is  encountered.  The  general  occurrence  is  some- 
what similar  to  that  at  the  Isbel  mine,  in  Clay  County,  and  at  the  Acme 
mine,  in  Iredell  County.  The  corundum  is  in  prismatic  crystals  ranging 
in  size  from  that  of  buckwheat  grains  to  nearly  i  inch  in  diameter.  They 
are  of  an  almost  uniform  pale  bluish  color  and  some  are  semi-transpar- 
ent to  transparent.  The  ore  was  readily  cleaned  and  furnished  a  nearly 
pure  product.  The  mill  at  this  mine  has  a  capacity  of  two  tons  a 
day.  As  at  all  the  localities  where  the  corundum  occurs  in  an  amphibo- 
lite, its  quantity  is  very  limited. 

On  the  opposite  side  of  Watauga  Creek,  100  to  200  feet  up  the  moun- 
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tain  slope,  corundum  has  been  found  in  gneiss  and  a  number  of  shallow 
pits  and  short  tunnels  have  been  made  in  prospecting  this  occurrence; 
but  no  commercial  quantity  was  exposed. 

On  the  summit  of  Turkey  Knob,  on  the  Macon-Jackson  county  line, 
corundum  has  been  found  in  gneiss,  and  some  development  work  has 
been  done.     The  property  is  owned  by  Mr.  H.  G.  Turnbull,  of  Baltimore. 

Emery  has  been  found  at  a  number  of  places  in  the  valley  of  Little 
Tennessee  River,  south  of  Franklin.  While  nothing  definite  can  be 
stated  regarding  the  original  rock  in  which  the  emery  occurs,  on  ac- 
count of  the  depth  to  which  decomposition  has  extended,  yet  it  has  been 
classified  as  a  saprolitic  amphibolite  (p.  206)  on  account  of  its  similarity 
to  decomposed  amphibolites  in  other  localities. 

A  number  of  outcrops  of  this  emery-bearing  saprolitic  rock  have  been 
found  about  5  miles  southwest  of  Franklin.  These,  as  far  as  could  be 
judged,  are  isolated  and  in  no  way  connected  with  one  another.  They 
are  lenticular  in  shape  and  but  a  few  hundred  feet  wide,  the  longer  axis 
being  sometimes  two  or  three  times  this.  While  the  general  direction  of 
the  strike  of  these  outcrops  is  approximately  the  same,  they  are  not  in 
a  line  with  one  another,  but  in  a  number  of  lines  that  are  approximately 
parallel.  The  country  rock  through  which  these  have  penetrated  is  a 
hornblende-gneiss. 

Considerable  mining  was  done  in  1898  at  the  Fairview  mine,  near 
North  Skeenah  Gap,  by  Dr.  W.  S.  Lucas,  of  the  Lucas  Mining  and 
Manufacturing  Company,  Franklin,  N.  C.  About  100  tons  of  emery 
were  obtained,  which  were  cleaned  in  the  mill  at  Franklin.  The  for- 
mation in  which  the  emery  occurs  covers  the  top  of  Fairview  Elnob,  the 
gneiss  being  encountered  about  300  feet  below  the  summit  of  the  ridge. 
Emery  has  been  found  at  a  number  of  openings,  particularly  on  the 
northwest  side  of  the  ridge.  There  is  some  staurolite  associated  with 
the  emery,  and  in  some  respects  this  is  similar  to  the  occurrence  at 
Hampton's,  on  Mine  Fork,  Yancey  County. 

One  mile  northwest  of  the  Fairview  mine,  another  excavation  was 
made  for  emery  on  the  southwest  slopes  of  Dobson  Mountain,  on  land 
belonging  to  Mr.  J.  A.  Waldroop.  A  vein  of  emery  ore  15  feet  wide 
was  exposed,  but  only  a  small  amount  was  taken  out. 

To  tlie  south  and  southeast  of  Fairview  mine  similar  deposits  of 
emerv  have  been  found  at  Mr.  William  Mann's,  three-fourths  of  a  mile 
south,  and  at  Mr.  James  Ledford's,  I14  miles  southeast,  both  of  these 
properties  were  prospected  by  Dr.  Lucas.     Considerable  float  emery  ore 
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has  been  found  on  the  land  of  Mr.  J.  B.  Addington,  about  2  miles  south- 
east of  Fairview  and  5  miles  south  of  Franklin,  on  the  Georgia  road. 

The  ore  at  all  these  localities  is  very  similar  and,  like  most  emery,  is 
an  intimate  mixture  of  magnetite  and  corundum,  but  the  corundum  is 
somewhat  coarsely  crystallized,  so  that  a  rather  complete  separation  can 
be  made  by  means  of  the  electro-magnet.  Preliminary  fire  tests  upon 
the  cleaned  product  from  this  ore  have  shown  that  it  is  adapted  to  use 
for  the  manufacture  of  a  vitrified  wheel. 

While  it  is  probable  that  there  is  not  an  inexhaustible  supply  of  emery 
at  any  one  of  these  localities,  yet,  taken  collectively,  they  represent  a 
source  of  some  importance,  which  might  be  considerably  increased  upon 
further  development.  When  first  prospected  their  distance  from  the  rail- 
road, 25  miles,  prevented  their  being  considered  as  profitable  mining 
properties ;  but  with  the  completion  of  the  railroad  from  Tallulah  Falls, 
Ga.,  to  Franklin,  X.  C,  which  is  now  being  built,  these  deposits  will  be 
within  3  miles  of  a  railroad. 

SWAIN    COUNTY. 

There  is  but  one  locality  in  Swain  County  where  corundum  is  authen- 
tically known  to  occur,  and  that  is  about  3  miles  a  little  south  of  west  of 
Bryson  City,  on  land  belonging  to  Mr.  D.  W.  Kerr,  where  a  splendid 
quality  of  blue  and  pink  corundum  has  been  found  sparingly  in  the 
midst  of  peridotite  (dunite).  Little  work  has  been  done  to  determine 
whether  it  occurs  in  commercial  quantity ;  it  is  not  probable  that  it  does. 

JACKSON    COUNTY. 

About  three-fourths  of  a  mile  35°  cast  of  south  of  Turkey  Knob  of 
Cowee  Mountain,  on  the  headwaters  of  Pumpkintown  Creek,  conmdum 
has  been  found  sparingly  in  a  greatly  decomposed  gneissic  rock.  Con- 
siderable prospecting  was  done  here  by  the  National  Abrasive  Manu- 
facturing Company,  but  no  important  corundum  deposits  were  encoun- 
tered. Near  the  summit  of  the  Cowee  Mountains,  about  one-fourth  of 
a  mile  south  of  Betts  Gap,  splendid  crystals  of  corundum  have  been 
found  in  the  gneiss,  associated  with  small  pegmatitic  veins.  This  occur- 
rence was  prospected  by  the  Savannah  Mining  Company  of  Dillsboro, 
North  Carolina,  but  no  promising  deposit  was  located.  Further  down  the 
mountain,  on  Betts  Creek,  on  the  farm  of  Mr.  Nelson  Jones,  corundum 
associated  with  garnet  is  found  sparingly,  in  gneiss. 

At  many  points  on  Caney  Fork  Creek,  a  tributary  of  the  Tuckaseegee 
River,  corundum  has  been  found  in  chlorite  schists.     Two  miles  above 
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its  mouth,  on  the  McChastain's  place,  and  at  Mr.  Marion  Long's,  it  is 
found  disseminated  through  the  chlorite-schist  in  small,  rounded  nod- 
ules, ranging  from  minute  grains  to  fragments  an  inch  in  diameter. 
A  shallow  pit  was  dug  that  exposed  a  width  of  8  feet  of  this  rock,  which 
was  studded  with  nodules  of  corundum.  It  is  of  the  best  quality  and 
is  well  adapted  for  use  in  the  manufacture  of  vitrified  wheels.  These 
deposits  have  been  worked  to  some  extent  bv  the  National  Abrasive  Man- 
ufacturing Company,  and  in  1901,  20  tons  of  cleaned  corundum  were 
obtained.  Half  a  mile  above  the  junction  of  Johns  Creek  with  Caney 
Fork  there  is  a  large  outorop  of  chlorite-schist,  having  a  width  of  nearly 
1,000  feet.  As  far  as  is  known,  no  prospecting  has  been  done  here, 
although  fragments  of  corundum  have  been  found  on  the  surface.  It 
has  also  been  found  in  nodules  one-half  inch  to  an  inch  in  diameter  in 
the  gneiss,  at  the  mouth  of  Chastain  Creek,  5  miles  up  Caney  Fork,  near 
the  residence  of  Mr.  W.  W.  Brown.  Two  miles  up  Ckastain  Creek 
corundum  has  been  found  in  a  similar  manner  in  gneiss,  near  a  belt  of 
chloritic  rocks. 

As  far  as  is  known  corundum  has  been  found  in  but  one  place  on  the 
West  Fork  of  the  Tuckaseegee  River,  and  that  is  on  Shoal  Creek  Moun- 
tain, 4  miles  north  of  Glenville,  where  it  occurs  in  a  chlorite-schist.  In 
Cashiers  Valley,  corundum  with  black  spinel  is  reported  to  have  been 
found  in  a  peridotite  rock  near  Mr.  H.  M.  Bennett's;  also  with  peridotite 
on  the  southern  slope  of  Whiteside  Mountain. 

The  most  important  corundum  localities  in  this  county  are  in  the  ex- 
treme southeastern  portion,  in  the  vicinity  of  Sapphire,  in  a  section  that 
extends  over  into  Transylvania  County,  adjoining.  In  this  section  there 
are  more  than  40  known  areas  of  peridotite,  extending  across  the  county 
in  a  general  northeast  and  southwest  direction  for  a  distance  of 
about  10  miles.  All  these  masses  are  small,  but  the  location  and  the 
relative  size  of  the  larger  ones  are  represented  on  the  map,  PI.  VII. 
Corundum  has  been  found  associated  with  manv  of  these,  and  as  indi- 
cated  on  the  map,  a  number  have  been  opened  up  by  a  small  amount  of 
mining. 

Corundum  has  been  mined  in  this  vicinity  at  several  places,  known 
collectively  as  the  Sapphire  mines,  and  owned  by  the  Toxaway  Company, 
of  Sapphire.  These  are  located  on  both  sides  of  Horsepasture  River 
and  on  tlie  southern  and  eastern  slopes  of  Great  Hogback  (Toxaway) 
Mountain  and  are  described  below.  The  work  done  at  these  mines  is 
prospecting  rather  than  systematic  mining,  but  it  has  shown  the  exist- 
ence of  considerable  quantities  of  corundum. 

Somewhat  less  than  a  mile  northeast  of  Sapphire  the  county  road 
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crosses  a  peridotite  formation,  associated  with  which  is  the  Sapphire 
mine.  The  little  mining  that  has  been  done  here  shows  a  large  quantity 
of  corundum  near  the  contact.  According  to  the  former  superintendent, 
the  vein  has  been  tested  by  tunnels  and  pits  for  a  distance  of  300  feet 
and  corundum  was  encountered  in  nearly  all  of  them.  It  is  in  crystals 
and  masses  of  a  gray  and  white  color,  often  mottled  with  blue,  is  of  fine 
quality,  and  makes  a  splendid  vitrified  wheel. 

The  Socrates  mine  is  located  on  a  bold  outcrop  of  peridotite  about 
three-fourths  of  a  mile  southwest  of  the  Sapphire  mine,  on  the  north 
end  of  Bear  Pen  Mountain.  Most  of  the  work  here  has  been  done  on 
interior  veins,  but  at  the  top  of  the  hill  a  border  vein  was  encountered. 
Sufficient  work,  however,  has  not  been  done  to  determine  the  extent  of 
the  deposit.  The  corundum  occurs  in  rough,  knotty  nodules,  which  are 
readily  cleaned  and  which  furnish  one  of  the  best  cutting  conmdums. 

More  work  has  been  done  at  the  Bad  Creek  mine  than  at  any  of  the 
other  Sapphire  mines.  It  is  on  the  west  side  of  Bear  Pen  Mountain, 
about  one-half  a  mile  from  the  Socrates.  The  mining  here  has  been 
done  almost  entirely  on  a  border  vein,  which  has  been  exposed  for  a 
distance  of  130  feet  and  has  been  worked  at  one  point  to  a  depth  of  60 
feet. 

Two  distinct  ores  have  been  encountered  in  this  vein;  one  is  a  mix- 
ture of  corundum,  garnet,  and  hornblende;  in  the  other,  which  is  free 
from  garnet,  the  corundum  is  associated  with  apatite  in  a  matrix  of 
biotite-mica  (see  B,  PI.  XXX).  These  two  ores  should  always  be  kept 
separate,  for  the  corundum  can  be  readily  cleaned  from  the  associated 
minerals  in  the  biotite  ore,  and  will  yield  a  product,  free  from  garnet,  that 
can  be  used  in  the  manufacture  of  the  vitrified  wheel ;  while  the  corundum 
in  the  other  ore  cannot  be  entirely  separated  from  the  garnet.  The  vein 
is  nearly  9  feet  in  average  width  and  carries  from  15  to  20  per  cent  of 
corundum,  some  portions  being  still  richer. 

Near  the  southwest  end  of  this  series  of  outcrops  of  peridotite  is  the 
Whitewater  mine.  It  is  about  6  miles  southwest  of  Sapphire,  on  White- 
water River.  The  work  done  at  this  mine  consists  of  a  tunnel  160  feet 
long,  which  is  40  to  50  feet  below  the  surface.  It  was  started  in  perido- 
tite, which  it  penetrated  for  110  feet,  when  gneiss  was  encountered.  At 
this  point  the  course  of  the  tunnel  was  turned  from  southward  to  east- 
ward, but  it  is  for  tlie  most  part  wholly  within  the  gneiss.  An  interior 
vein  was  encountered  from  which  30,000  pounds  of  corundum  were  ob- 
tained. The  vein  was  worked  out  from  the  surface  to  the  level  of  the 
tunnel.  It  seems  probable  that  if  work  were  started  at  the  contact  of 
the  peridotite  and  gneiss  a  border  vein  of  corundum  would  be  found. 
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The  corundum  is  of  good  quality  and  is  similar  to  that  at  the  Sapphire 
mine. 

Besides  these,  the  Sapphire  mines  also  include  the  Burnt  Rock  and 
Brockton  mines  described  under  Transylvania  Coimty  below. 

Work  was  begun  in  1892  by  the  Sapphire  Valley  Mining  Company,  at 
the  Burnt  Rock  mine,  and  shortly  afterward  the  other  mines  were  opened. 
A  complete  crushing  and  cleaning  plant  was  erected  on  Horsepasture 
River  and  was  one  of  the  best  mills  in  the  corundum  district.  The  com- 
mercial product  was  hauled  to  the  railroad  at  Hendersonville,  a  distance 
of  60  miles.  The  Transylvania  Railroad  has  now  been  built  from  Hen- 
dersonville to  Toxaway,  a  distance  of  40  miles.  This  will  shorten  the 
distance  of  transportation  to  the  railroad  to  about  19  miles.  Work  was 
suspended  during  1893  and  has  not  yet  been  resumed.  In  1895  the 
mines  passed  into  the  possession  of  the  Toxaway  Company. 

Corundum  has  been  found  at  a  number  of  the  peridotite  outcrops  be- 
tween the  Bad  Creek  and  Whitewater  mines,  in  Jackson  and  Transyl- 
vania counties,  as  indicated  on  the  map,  Plate  II.  These  are  on  Snake 
Ridge,  which  rises  from  Thompson  River  valley,  in  the  vicinity  of  Mont- 
vale,  many  of  them  being  on  the  land  of  Dr.  C.  Grimshawe.  This  does 
not  by  any  means  indicate  that  there  are  large  deposits  of  corundum  in 
these  rocks,  but  when  the  deposits  already  found  northeast  and  south- 
west of  these  are  taken  into  consideration,  it  does  indicate  that  there  is  a 
possibility  that  such  deposits  exist,  and  it  makes  the  section  a  promising 
one  for  systematic  prospecting. 

The  only  one  of  these  localities  that  is  worthy  of  special  mention  is 
the  "  Gem  mine,"  which  is  located  about  one-half  a  mile  south  of  the 
Thompson  mine,  on  the  Mill  Ridge  tract.  In  the  gravel  deposits  of  the 
streams  at  the  foot  of  the  hill  in  which  the  peridotite  occurs,  a  number 
of  fair  ruby  and  sapphire  gems  have  been  found.  A  shaft  20  feet  deep 
was  sunk  on  the  formation  and  some  gem  material  was  obtained.  A 
large  proportion  of  the  corundum  found  here  has  been  of  gem  color  and 
quality. 

TRANSYLVANIA    COUNTY. 

Some  of  the  occurrences  of  corundum  in  this  county  have  already 
been  mentioned  in  connection  with  the  Sapphire  mines,  and  these  are 
the  Burnt  Rock  and  Brockton  localities,  on  the  slopes  of  Great  Hogback 
(Toxaway)  Mountain.  The  Burnt  Rock  mine  is  about  5  miles  northeast 
of  Sapphire.  All  the  mining  has  been  done  within  the  peridotite  forma- 
tion and  18,000  to  20,000  pounds  of  corundum  have  been  taken  out.  It 
is  of  good  quality  and  for  the  most  part  is  in  crystals  and  knotty  nodules, 
although  some  masses  were  found  that  weighed  25  pounds.     The  ore  is 
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MADISON    COUNTY. 

It  is  interesting  to  note  here  that  the  first  corundum  found  in  North 
Carolina — a  large  mass  of  dark-blue  cleavable  corundum — was  picked 
up  on  the  surface  in  this  county  in  1847  about  3  miles  below  Marshall, 
on  French  Broad  Eiver,  just  above  the  mouth  of  Little  Pine  Creek.  The 
next  year  a  smaller  piece  was  similarly  found  (see  also  page  208). 
The  flat  bottom  land  on  which  the  corundum  was  found  is  at  the  foot  of 
a  hill  that  rises  rather  abruptly  from  the  south  shore  of  the  French 
Broad  River  and  between  Little  Bear  and  Pine  creeks.  The  enclosing 
country  rocks  are  hornblende-gneisses,  and  a  careful  search  was  made 
for  conmdum  along  the  contact  of  these  rocks  with  the  p^TOxenite  and 
in  the  debris  broken  off  from  them  and  deposited  in  the  gullies  and 
branches,  but  not  a  trace  of  corundum  was  found.  A  narrow  strip  of 
peridotite  crosses  the  river  near  this  point,  but  as  far  as  is  known  no 
corundum  has  been  found  in  it. 

Corundum  has  been  found  in  large  gray  crystals  on  the  surface  of  a 
large  outcrop  of  amphibolite  3  miles  above  Marshall  and  half  a  mile 
north  of  the  mouth  of  Ivy  River.  Mr.  G.  C.  Haynie,  of  Marshall,  the 
owner  of  the  property,  has  in  his  possession  a  crystal  from  this  place 
that  weighs  17  pounds  (see  fig.  24,  p.  208). 

The  Carter  mine  is  in  the  southeastern  comer  of  the  county,  very  close 
to  the  Buncombe  County  line.  It  is  located  on  Holcombe  Branch,  a  trib- 
utary of  Little  Ivy  River  and  near  the  northern  end  of  a  strip  of  dunite 
which  extends  from  Morgan  Hill,  in  Buncombe  County,  a  distance  of 
more  than  2  miles,  and  which  has  an  average  width  of  about  one-fourth 
of  a  mile.  The  corundum  that  has  been  mined  was  found  in  an  interior 
vein  and  was  enclosed  by  chlorite  and  vermiculite.  It  was  obtained  in 
white,  pink,  and  blue  masses,  which  were  intimately  associated  with 
greenish  black  spinel  and  feldspar.  While  some  mining  has  been  done 
here,  the  locality  has  not  been  thoroughly  prospected,  and  future  develop- 
ments may  show  the  existence  of  a  large  deposit  of  corundum  near  the 
contact  of  the  peridotite  with  the  gneiss. 

There  is  no  obvious  reason  why  this  ore  could  not  be  used  in  the 
manufacture  of  any  kind  of  an  abrasive  wheel.  Although  the  corun- 
dum cannot  be  entirely  separated  from  the  spinel,  this  should  not  inter- 
fere with  its  use. 

Corundum  was  first  found  here  by  Dr.  C.  D.  Smith  about  1880  and 
soon  afterwards  work  was  begun  by  Mr.  William  Carter  and  Dr.  H.  S. 
Lucas,  who  took  out  a  few  tons  in  prospecting.  Later  a  little  prospect- 
ing was  done  by  Mr.  M.  E.  Carter,  and  by  Messrs.  Rice  and  Coleman, 
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who  sold  the  property  to  Tarr,  Hamilton  &  Company,  of  New  York,  who 
began  regular  mining  about  1886.  A  steam  crushing  and  cleaning  plant 
was  erected  at  the  mine,  and  about  20  tons  of  corundum  were  cleaned 
and  shipped  from  Marshall.  Mining  continued  only  about  six  months, 
and  has  not  since  been  resumed. 

Very  near  the  head  of  a  small  stream  above  the  Carter  mine,  a  corun- 
dum crystal  of  mottled  blue  and  white  corundum  weighing  46  pounds 
was  found  on  the  surface  by  Mr.  John  A.  Carter,  of  Democrat.  It  was 
hexagonal  in  outline,  though  i*ough  and  partially  broken,  and  has  the 
rhombohedral  parting  well  developed.  Further  search  has  thus  far 
failed  to  discover  its  origin. 

YANCEY  COUNTY. 
CORUNDUM. 

At  the  larger  peridotite  outcrops  in  this  county  no  corundum  at  all 
has  been  found,  but  instead  there  is  a  considerable  quantity  of  chromite 
(see  p.  381).  There  is  but  one  locality  where  corundum  has  been  mined, 
and  that  is  at  the  Hayes  (Egypt)  mine,  10  miles  west  of  Burnsville,  on 
the  western  slopes  of  Sampson  Mountain.  Corundum  was  found  here 
in  peridotite  and  the  vein  was  opened  up  by  a  cut  and  tunnel.  While 
the  vein  is  not  far  from  the  contact  it  is  not  known  definitely  whether 
it  is  a  border  vein  or  not,  as  the  tunnel  could  not  be  entered.  The  corun- 
dum is  of  splendid  quality  and  is  usually  in  distinct  crystals,  though 
granular  masses  are  sometimes  found.  It  is  white  and  mottled  blue 
and  white  in  color.  At  this  mine  a  number  of  specimens  of  corundum 
were  found  directly  surrounded  by  peridotite  (dunite)  (see  p.  204). 
There  is  good  reason  to  believe  that  there  is  some  quantity  of  corundum 
at  this  locality,  but  its  inaccessibility  has  been  a  great  drawback  to 
further  prospecting.  The  work  that  has  been  done  here  was  by  Mr.  TJ. 
S.  Hayes. 

Eight  miles  southeast  of  Burnsville,  on  Celo  Ridge,  near  South  Toe 
River,  corundum  has  been  found  in  crystals,  2  to  3  inches  in  diameter, 
in  the  decomposed  gneiss  adjoining  an  outcrop  of  enstatolite  (enstatite 
rock). 

EMERY. 

The  only  other  locality  known  in  this  county  where  corundum  has 
been  found  is  6  miles  north  of  Burnsville,  on  the  south  side  of  Mine 
Fork  one-half  mile  above  its  mouth  and  300  feet  above  the  level  of  the 
stream.  It  occurs  here  in  very  finely  divided  particles  in  a  mixture  of 
magnetite,  menaccanite,   and  staurolite,  constituting  an  emery.    The 
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staurolite  is  transparent  and  of  a  rich  btownish  color  and  has  been  mis- 
taken for  corundum.  An  analysis  of  this  staurolite  is  given  on  page  304. 
The  staurolite  and  corundum  together  constitute  from  5  to  10  per  cent 
of  these  mixed  minerals.  The  only  work  that  has  been  done  here  is  the 
sinking  of  two  small  openings,  75  feet  apart  on  the  strike  of  the  ore, 
which  has  exposed  the  same  for  a  width  of  6  to  10  feet.  Nearer  the 
summit  of  the  ridge  and  to  the  west,  a  similar  outcrop  of  ore  was  found. 
Unless  it  is  proved  by  further  work  that  the  percentage  of  corundum 
increases,  this  deposit  will  not  have  any 'commercial  value  as  an  emery. 
The  construction  of  the  railroad  which  now  passes  within  4  miles  of 
the  deposit  warrants  its  further  development. 

MITCHELL    COUNTY. 

There  are  many  outcrops  of  peridotite  and  enstantite  rocks  in  this 
county,  some  of  which  are  rather  extensive,  as  indicated  on  the  map, 
(PL  II,  p.  26),  and  described  on  page  56.  Except  at  one  place  no 
corundum  and  but  little  chlorite  has  been  found  associated  with  any  of 
these  outcrops.  They  have  been  prospected  more  or  less  without  any 
positive  results,  but  systematic  work  may  show  the  presence  of  either 
chromite  or  corundum  in  quantity  at  some  of  these  localities.  Fragments 
of  corundum  have  been  picked  up  on  the  surface  and  in  a  dump  of  an 
asbestos  prospect  at  a  point  1^  miles  up  White  Oak  Creek  from  Bakers- 
ville.  The  rock  here  is  a  massive  enstatolite  (enstatite  rock)  with  radi- 
ating borders  similar  to  those  found  about  dunite  at  many  places. 

Corundum  crystals  have  been  found  in  the  gneiss  at  Mr.  William  Bow- 
man's, three-fourths  of  a  mile  west  of  Bakersville. 

Mr.  D.  A.  Bowman,  of  Bakersville,  writes  that  "one  mile  due  east 
from  Bakersville,  a  massive  blue  corundum  occurs,  with  now  and  then  a 
hair-brown  piece."  He  also  states  that  in  1888  he  obtained  600  pounds 
at  this  place,  one  piece  of  which  weighed  23^  pounds.  It  has  been  re- 
ported at  various  times  that  sapphire  corundum  has  been  foimd  in  this 
vicinity,  but  no  definite  information  could  be  obtained  of  the  locality  of 
occurrence.  Future  developments  may  show  that  this  county  does  con- 
tain considerable  corundum  and  possibly  some  that  is  suitable  for  cutting 
into  gems. 

There  is  no  record  that  any  corundum  has  been  found  in  the  perido- 
tite rocks  north  of  Bakersville. 

IREDELL    AND    ALEXANDER    COUNTIES. 

In  the  counties  east  of  the  Blue  Ridge,  all  the  corundum  found  has 
been  associated  with  acidic  rocks  or  amphibolites ;   none  has  been  found 
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staurolite  is  transparent  and  of  a  rich  btownish  color  and  has  been  mis- 
taken for  corundum.  An  analysis  of  this  staurolite  is  given  on  page  304. 
The  staurolite  and  corundum  together  constitute  from  5  to  10  per  cent 
of  these  mixed  minerals.  .  The  only  work  that  has  been  done  here  is  the 
sinking  of  two  small  openings,  75  feet  apart  on  the  strike  of  the  ore, 
which  has  exposed  the  same  for  a  width  of  6  to  10  feet.  Nearer  the 
summit  of  the  ridge  and  to  the  west,  a  similar  outcrop  of  ore  was  found. 
Unless  it  is  proved  by  further  work  that  the  percentage  of  corundum 
increases,  this  deposit  will  not  have  any 'commercial  value  as  an  emeiy. 
The  construction  of  the  railroad  which  now  passes  within  4  miles  of 
the  deposit  warrants  its  further  development. 

MITCHELL    COUNTY. 

There  are  many  outcrops  of  peridotite  and  enstantite  rocks  in  this 
county,  some  of  which  are  rather  extensive,  as  indicated  on  the  map, 
(PL  II,  p.  26) y  and  described  on  page  56.  Except  at  one  place  no 
corundum  and  but  little  chlorite  has  been  found  associated  with  any  of 
these  outcrops.  They  have  been  prospected  more  or  less  without  any 
positive  results,  but  systematic  work  may  show  the  presence  of  either 
chromite  or  corundum  in  quantity  at  some  of  these  localities.  Fragments 
of  corundum  have  been  picked  up  on  the  surface  and  in  a  dump  of  an 
asbestos  prospect  at  a  point  1^  miles  up  White  Oak  Creek  from  Bakers- 
ville.  The  rock  here  is  a  massive  enstatolite  (enstatite  rock)  with  radi- 
ating borders  similar  to  those  found  about  dunite  at  many  places. 

Corundum  crystals  have  been  found  in  the  gneiss  at  Mr.  William  Bow- 
man's, three-fourths  of  a  mile  west  of  Bakersville. 

Mr.  D.  A.  Bowman,  of  Bakersville,  writes  that  "one  mile  due  east 
from  Bakersville,  a  massive  blue  corundum  occurs,  with  now  and  then  a 
hair-brown  piece."  He  also  states  that  in  1888  he  obtained  600  pounds 
at  this  place,  one  piece  of  which  weighed  23^  pounds.  It  has  been  re- 
ported at  various  times  that  sapphire  corundum  has  been  foimd  in  this 
vicinity,  but  no  definite  information  could  be  obtained  of  the  locality  of 
occurrence.  Future  developments  may  show  that  this  county  does  con- 
tain considerable  corundum  and  possibly  some  that  is  suitable  for  cutting 
into  gems. 

There  is  no  record  that  any  corundum  has  been  found  in  the  perido- 
tite rocks  north  of  Bakersville. 

IREDELL    AND    ALEXANDER    COUNTIES. 

In  the  counties  east  of  the  Blue  Eidge,  all  the  corundum  found  has 
been  associated  with  acidic  rocks  or  amphibolites;   none  has  been  found 


THE    DISTHIBUTION*   OF   CORCNDLM.  261 

in  peridotites.  X )  larire  •ri;inriry  of  oorun«Ium  has  been  found,  though 
atterapta  have  been  niade  to  mine  it  ac  a  number  of  place.s.  Most  of 
the  •:>ccuiTPnces  have  been  rhii.'S  tar  onlv  of  mineraL^-rical  interest  and 
bur  littl^^  rr'inomio  importanoe  ha?  been  atTa<;hed  to  rhera. 

Conmd'im  has  ot^en  f-vind  ■  n  th*^  -urfaoe  at  a  largp  number  of  hwali- 
ties  in  these  oounrie??.  -spe<''ia.iv  in  Ired^li.  those  in  Alexander  being 
near  the  coontv  line.  The  oonntrv  ro«:k  in  this  section  is  a  crneiss,  but  no 
comndnm  liaa  vet  been  :''U::.l  in  ir.  Tlie  corundum  occurs  in  srravish 
masses  up  to  several  :n« •::-->  '.:\  ■liamer.-r  an<l  in  small,  rough  cn-atals. 
These  are  all  more  or  >-.-?  Lrt-r-^i]  and  i:.-ually  are  encaserl  either  in  com- 
pact muscovite  i^ir.et"  ia.n'.-r.rirri  ur  niargarite.  Sometimes  there  is 
but  a  small  nucleus  of  oor-iiiduni.  and  th«  outer  mineral  hiis  verv  much 
the  appearance  of  iiav.nj:  ^-en  l^^rivMl  from  the  corundum.  Surface 
specimens  of  this  *vpe  :a-  -  "jeen  f<iund  at  Belts  Bridge,  Ijjcks  Bridge, 
and  at  many  plart^rr    ♦:'  v-<-::  t..^  lar.ter  and  Libert}'  Hill,  fur  the  most  part 


Fig.  27. — Corimliim     irjsra.H    >>nclofi«Hl    by    mar&rarlri* ;    from    Belts    Brldi;t\     Irfdell 

County.   N.   C. 

on  the  south  sid^r  :f  '.:.--  ^^-Jirii  Yadkin  Riv»^r.  In  rlu.  'I*'  is  rep^^'sented 
one  of  the  "aneruu  ■v.r'.iiii'.ini  orv-rals  emlnM-ii  hv  inarjrariti?.  The 
analysis  of  rhp  marxir::*^  :h  .^ivr^n  on  pnif*  M't.  ('"rvsirallinn  manr^f^s  of 
grayish  white  .--onr.':  ::V:  is.-*.r-;arr-d  '.vir.:;  inu.-r-oviti?  and  black  tourmaline 
have  also  been  :  j;::ii    ..:•-. 

Corundum  vrisi  :\:-~  ::i.:.;  .1  f:'-dt-?ii  r.,unty  aix»ur.  \^W>.  whfii  a  -speci- 
men wa?  ou'Aed  :..  .t-.i:  *:.■.'•  -ii:i-  -:'  r;..-  Acm«"t  mini'.  \iijit'ii  i.s  I«H\aTefl 
about  thnr^e-f  im.iH  :*  i  ....•-  v--^  ■*  ^raf»'.^viiir,  and  iialf  a  mill'  -oiith 
of  the  Charlor:,-  .^^:  7  »     ■  ■■-■      ••   !.';r.:''. ■:!'!.     Tlit;  :nin<;  \v;is  r.i,.-r.irrd  Ky 

the  Acme  '".';'":.i';  ;.■.:    i.'.-:    M .j   <  '.Mii'.-i;;     ui-Iit  rhe  miin.iL'riniMU.  nf 

Mr    H     V    '  "'.'     :-     i    ■      *    -   -■':.•■' ..!:•-  r:\['.r  I  fi.i:  <  oiiius  minr. 

The  rirsr  v  ■'■■.  ■"  .»-■'•  •'  '..••  Mn^tai;  \.\.^  :u  'Ii*'  .il!:i>.  i,i.  -Irixj^iT.H 
of  clav  and  jf:"i-..  v  ■  •;  v-;*'  i..«,  1:  I'  fi-r^t  I'-'-n.  'I';m-  inmr  was  -iru- 
ated -in  a  derir— -  ■  r.  .\tr:i:  ..••  ''.'i"!  ■"»:'  i  Hii,,iil  -.rr»"-;i n.  .Jinl  <  nnsidrrahli* 
difficulty  was  ■::r.*'r •-::*:•'■:  r.  r  •  -ii'-r;/  rn.J.'^-*-^»  of  l-li.-  i'la\  .»nd  /r.iv.'I 
from  slippin^^  ■■a.-A  r.*-.  -..-  v  rA.rij-.-.  1-  t:;*-  'L-po^it-^  w.-r.-  :ijoronL«-ii!v 
aatnratefl    w:t:i     \  i:  •:•      .\:*-:*   "..••     -«   •    i-'I    ■jr.w-]'^    li;id    -M-rn    iiM^-^i-fl 
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through,  an  amphibolite  rock  was  encountered,  which  contained  a  vein 
of  feldspar  and  vermiculite  that  carried  corundum.  In  its  widest  place 
this  vein  was  2^  feet  thick.  While  the  corundum  is  sometimes  found 
with  the  feldspar,  most  of  it  has  been  thus  far  foimd  with  the  vermicu- 
lites.  It  is  in  distinct  crystals  and  round  clusters  of  crystals,  of  gray, 
pink,  blue,  and  white  colors.  Sometimes  margarite  accompanies  it,  and 
sometimes  cvanite,  and  masses  of  one  and  the  other  of  these  with  conin- 
dum  have  been  foimd  on  the  surface. 

Mining  was  begun  here  in  1893  and  continued  about  one  year.  A 
steam  crushing  and  cleaning  plant  was  erected  and  about  50  tons  of 
commercial  corundum  were  obtained.  Mining  was  resumed  for  a  short 
time  the  latter  part  of  1894,  but  it  was  more  in  the  nature  of  prospecting, 
and  since  then  no  work  has  been  done. 

The  only  other  locality  where  corundum  has  been  found  in  place  in 
this  region  is  8  miles  northwest  of  Statesville,  just  north  of  the  Char- 
lotte and  Taylorsville  Eailroad,  near  Amity  Church,  at  the  Hunter  place. 
The  occurrence  here  is  very  similar  to  that  at  the  Acme  mine,  except  that 
no  deep  alluvial  deposit  was  encountered  and  the  amphibolite  is  of  some- 
what finer  texture.  The  corundum  is  associated  with  feldspar  and  ver- 
miculites,  and  is  of  an  almost  coal-black  color.  Large  masses  of  corun- 
dum with  margarite  have  been  found  on  the  surface  near  this  place. 

On  accoimt  of  the  depth  of  soil  and  decomposed  rock  but  little  is 
known  of  the  extent  of  the  corundum  veins  or  of  the  amphibolites.  The 
mode  of  occurrence  at  both  these  places  is  described  and  figured  on 
page  209  (fig.  25). 

BURKE,  CLEVELAND,   AND   MCDOWELL  COUNTIES. 

Near  the  borders  of  Burke  and  Cleveland  counties,  at  the  comer  of 
Catawba,  corundum  in  grayish  blue  tapering  crystals  has  been  found  on 
the  surface,  along  the  ridge  leading  northwest  of  Carpenters  knob.  In 
the  watershed  of  the  South  Fork  of  Catawba  River,  in  Burke  County, 
corundum  of  a  similar  nature  has  been  found  in  pockets  containing 
from  100  to  200  pounds.  The  rocks  in  this  region  are  highly  garnet- 
iferous  gneisses  and  schists.  The  probability  of  the  occurrence  of  corun- 
d\im  in  quantity  in  this  region  is  very  small  and  not  suflicient  to  stimu- 
late any  systematic  prospecting.  In  many  of  the  gravel  deposits  of 
Burke,  Cleveland  and  McDowell  counties  that  have  been  worked  for  gold 
and  monazite,  small  grains  and  crystals  of  corundum  have  been  found. 
Dr.  Genth  has  repori:ed  the  occurrence  of  massive  grayish-white  corun- 
dum at  Brackettstown  in  McDowell  County. 
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GASTON    COUNTY. 

Dr.  C.  L.  Hunter  first  discovered  corundum  in  this  county  at  Crowders 
and  afterwards  at  Chubbs  and  Kings  mountains  in  reddish  and  bluish 
masses  that  were  sometimes  crystallized.  It  was  reported  to  occur  in 
place,  associated  with  mica  and  quartz.  That  at  Crowders  Mountain  is 
in  places  associated  with  iron  oxide,  and  there  is  a  transition  to  a  granu- 
lar emery.  No  quantity  of  corundum  has  been  found  here  and  the 
occurrence  has  been  of  mineralogical  interest  only.  Prof.  Richard  T. 
Brumby,  of  the  College  of  South  Carolina,  also  collected  specimens  of 
corundum  from  Chubb  Mountain  in  1852.  These  specimens  are  now 
in  the  college  mineral  collection  with  Professor  Brumby's  original  labels. 


GUILFORD    COUNTY. 

The  only  occurrence  of  corundum  known  in  this  county  is  in  connec- 
tion with  the  titaniferous  iron  ore  belt  that  traverses  the  northwest 
comer  of  the  county.  Dr.  Genth"  made  a  chemical  and  mineralogical 
examination  of  these  ores  and  in  a  report  on  them  says:  "All  the  ores 
consist  of  mixtures  of  magnetic  iron  with  titaniferous  hematite,  or 
menaccanite,  or  probably  also  with  rutile  (titanic  acid),  mixed  with  a 
chloritic  mineral,  or  a  silvery  micaceous  one  resulting  from  its  decom- 
position. Some  of  the  ores  contain  alumina  in  the  form  of  granular 
corundum,  in  one  or  two  places  in  such  quantities  that  they  become  true 
emery  ores." 

These  were  found  about  7  miles  northeast  of  Friendship,  on  what  is 
supposed  was  the  McCarvisten  (or  McCuistian)  place.  Two  varieties 
are  described  by  Dr.  Genth,  one  a  reddish  granular  kind,  which  had 
"much  the  appearance  of  a  granular  reddish-brown  garnet,  for  which 
it  has  been  mistaken;  but  the  analysis  proved  it  to  be  not  a  silicate 
mixed  with  granular  magnetite,  but  corundum."  The  other  was  grayish 
in  color  and  "  the  minute  grains  of  corundum  have  a  yellowish  or  brown- 
ish yellow  color,  and  show  in  many  places  cleavage  fractures,  which  give 
it  the  appearance  of  a  feldspathic  mineral."  These  two  emery  ores  have 
been  analyzed  by  Dr.  Genth  "  with  the  following  results : 

"  Geol.  Survey  of  North  Carolina,  Vol.  II,  Part  II,  1893,  p.  148. 
"LrOC.  clt,  p.   150. 
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Analyses  of  emery  ores  from  Ouilford  County. 

Reddish  Brown.  Gray. 

SiO,     1.39  0.98 

TIO,     0.78  2.42 

Fe^O^   42.77  46.29 

MnO  and  CaO  1.00  1.27 

Cr,Oa   0.30  Trace. 

AlA     52.24  44.86 

MgO    0.68  3.27 

CaO     0.84  0.91 

If  these  should  be  found  in  quantity,  they  would  be  of  considerable 
value  as  a  source  of  emerv.  The  amount  that  was  found  was  small  and 
at  that  time  did  not  stimulate  any  special  prospecting  for  a  large  deposit. 
The  exact  place  where  this  emery  was  found  is  not  now  known — only  the 
general  location,  as  given  above. 

NORTH   CAROLINA,  OTHER   LOCALITIES. 

In  the  report  of  the  North  Carolina  Geological  Survey  for  1875,  large 
hexagonal  crystals  of  corundum  are  reported  from  Forsyth  County 
(page  299),  and  a  reddish  variety  from  Polk  County  (Appendix,  page 
65).  Small  particles  are  also  said  to  occur  in  cyanite  in  Wilkes  County, 
and  Dr.  Genth  says  that  "  rarely  small  remnants  of  corundum  are  found 
in  the  pyrophyllite  slates  of  Chatham  County.^'  He  also  reports  the 
occurrence  of  the  emery  variety  of  corundum  near  Winston-Salem,  asso- 
ciated with  titaniferous  iron  ores,  and  it  is  probably  similar  to  what  he 
has  described  from  Guilford  County.  Most  of  the  occurrences  just 
mentioned  are  of  specimens  picked  up  on  the  surface  and,  on  account  of 
the  locality  in  which  they  have  been  found,  have  had  but  little  import- 
ance attached  to  them. 

FOREIGN    CORUNDUM    AND    EMERY    DEPOSITS. 

Until  within  the  last  few  years  there  were  no  localities  outside  of 
the  United  States  where  corundum  was  mined  for  abrasive  purposes, 
with  the  exception  of  the  emery  deposits  of  Turkey  and  of  the  Grecian 
Archipelago.  This  condition  is  now  changed,  for  corundum  has  been 
mined  in  India  and  exported  to  the  United  States  and  to  Europe;  and 
during  1901  the  Canadian  deposits  became  producers  and  shipped  their 
product  principally  to  Europe  and  the  United  States. 

CORUNDUM. 

Canada. — The  Canadian  corundum  deposits,  which  have  been  attract- 
ing considerable  attention,  are  in  the  Province  of  Ontario.     The  corun- 
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dum  occurs  as  a  primary  constituent  of  syenite  and  of  nepheline-syenite, 
which  have  been  traced  for  over  50  miles  across  Renfrew,  Hastings,  and 
Haliburton  counties,  smaller  belts  of  the  same  rock  occurring  in  Peter- 
borough, Lanark,  and  Prontenac  counties  to  the  south,  making  a  total 
distance  of  nearly  100  miles  in  which  these  rocks  have  been  found. 

The  rock  varies  from  normal  syenite  to  nepheline-syenite  and  mica- 
syenite.  Corundum  has  been  found  in  all  three  of  these  varieties,  but 
it  is  most  abundant  in  the  normal  syenite.  These  rocks,  which  often 
occur  as  dikes  cutting  the  gneisses,  are  sometimes  in  large  masses  that 
appear  to  grade  into  granite.  The  dikes  vary  greatly  in  width,  being 
usually  several  feet  wide,  but  some  have  been  observed  that  were  only  a 
few  inches  wide  and  these  were  thickly  studded  with  corundum  crystals. 
Analyses  of  specimens  of  this  rock  taken  from  various  parts  of  the  field 
show  that  it  contains  from  5  to  15  per  cent  of  corundum. 

The  principal  operator  of  these  corundum  deposits  is  the  Canada 
Corundum  Company,  Limited,  which  owns  deposits  in  the  townships  of 
Raglan,  Radcliffe,  Brudenell,  Carlow,  Monteagle,  and  Dungannon.  This 
company^s  principal  works  are  located  in  the  extreme  northwestern  part 
of  Raglan  Township,  Renfrew  County,  about  7  miles  southwest  of 
Combermere,  where  a  corundum  mill  having  a  capacity  of  5  tons  of  cleaned 
corundum  a  day  has  been  erected.  The  percentage  of  corundum  in  the 
commercial  product  is  higher  than  in  any  that  has  been  on  the 
market  for  a  good  many  years.  When  this  corundum  was  discovered  in 
the  normal  syenite,  its  surface  showed  a  superficial  alteration  which 
partially  or  wholly  destroyed  its  abrasive  value.  As  mining  was  carried 
deeper,  however,  this  alteration  was  found  to  grow  less  and  finally  to 
disappear,  so  that  the  more  recent  tests  of  corundum  shipped  from  this 
mine  show  that  it  is  a  very  pure  commercial  corundum  that  gives  good 
satisfaction  as  an  abrasive.  One  of  the  chief  difficulties  encountered  in 
cleaning  this  corundum  was  the  elimination  of  the  feldspar,  but  this  has 
finally  been  overcome. 

Specimens  of  corundum  that  are  entirely  enclosed  by  mica  have  been 
found  in  Methuen  Township,  Peterborough  County.  Prof.  W.  G.  Miller" 
has  described  these  as  follows :  "  The  corundum  is  often  not  observable 
in  the  mica  until  the  latter  is  broken  open,  when  it  is  found  forming  the 
center  or  core  of  the  mass.  The  rounded  surfaces  of  the  corundum  and 
other  characteristics  leads  to  the  belief  that  the  masses  of  light-colored 
mica  are  secondary  products  after  corundum."  This  resembles  very 
closely  specimens  of  corundum  surrounded  by  muscovite  mica  that  have 

»^  Kept.  Bureau  of  Mines,  Toronto,  Ontario,  VIII,  Part  2,  1899,  p.  10. 
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been  found  at  the  Presley  mine  in  Ha}'wood  County,  North  Carolina  (see 
page  257),  in  which  the  muscovite  is  undoubtedly  a  secondary  product 
after  corundum. 

In  the  township  of  South  Sherbrook,  Lanark  County,  corundum  has 
been  found  in  a  rock  that  is  made  up  of  a  basic  plagioclase  feldspar  and 
green  hornblende,  and  that  has  been  called  anorthosite  by  Professor 
Miller.  It  is  more  basic  in  character  than  the  typical  varieties  of  this 
rock  that  have  been  described  from  other  parts  of  Canada.  The  width  of 
this  belt  of  rock  is  nearly  }  mile  and  the  corundum  is  found  throughout 
the  whole  distance.  It  occurs  in  crystals  of  an  almost  uniform  light  gray 
to  white  color,  that  are  usually  about  i  inch  in  diameter,  the  largest  ones 
being  IJ  inches  long. 

India. — The  corundum  deposits  of  India  have  been  described  by  T.  H. 
Holland,"  who  states  that  the  Pararapatti  area,  in  the  Salem  district  of 
the  province  of  Upper  Burma  is  one  of  the  most  promising  localities 
for  the  mining  of  corundum  for  abrasive  purposes.  The  corundum  oc- 
curs in  a  matrix  of  deep  flesh-colored  feldspar  which  is  in  bands  of  lenti- 
cular masses  and  has  often  associated  with  it  a  considerable  proportion 
of  sillimanite,  rutile,  opaque  black  and  green  spinel,  and  biotite.  These 
masses  are  sometimes  as  large  as  15  feet  long  and  8  feet  in  diameter  where 
they  have  been  actually  seen  in  the  rock.  The  feldspar  rock  is  composed 
essentially  of  anorthite  and  hornblende,  and  the  parts  that  carry  the 
corundum  have  a  gneissoid  structure.  The  corundum  varies  from  a  deep 
purplish  brown  to  a  dark  greenish  gray  and  is  in  irregular  lumps  varjring 
from  a  quarter  of  an  inch  to  an  inch  in  diameter,  and  in  elongated  barrel- 
shaped  cr}'^stals  up  to  one  inch  long. 

There  are  two  and  perhaps  more  of  these  corundum-bearing  bands, 
lying  parallel  to  each  other,  the  total  length  of  corundum-bearing  rock 
extending  for  about  24  miles.  The  percentage  of  corundum  in  the  rock 
is  very  low,  experiments  that  have  been  made  at  different  points  on  the 
band,  showing  the  presence  of  only  3.5  per  cent. 

In  close  proximity  to  some  of  these  corundum  bands  are  nepheline- 
syenite,  but  no  corundum  has  been  found  in  it.  Most  of  the  outcrops 
of  the  corundum  rock  have  been  found  in  connection  with  gneiss,  and 
lie  in  successive  lines  that  are  roughly  parallel  to  the  strike  of  the 
gneiss. 

Specimens  of  corundum  received  through  Dr.  T.  L.  Walker  from  this 
general  vicinity  and  labelled,  "  Pipra,  South  Revah,  India,"  are  appar- 
ently similar  to  those  described  by  Mr.  Holland.    The  corundum,  which  is 

^•Geol.  Survey  India,  Economic  Geology,  Part  I,  1898,  Corundum. 
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very  fine  grained  in  appearance,  occurs  in  nodules  up  to  two  or  more 
inches  long  by  one  or  more  inches  broad,  with  a  pinkish  to  purplish  brown 
color.  These  nodules  are  partially  or  completely  surrounded  by  a 
greenish  mica,  having  small  and  rather  brittle  folia,  which  has  been 
referred  by  Professor  Mallet  to  the  euphyllite  variety.  In  the  mica 
there  are  small,  rough  crystals  of  tourmaline.  The  mode  of  occurrence 
of  this  corundum  ore  is  not  known,  but  its  general  appearance  indicates 
that  it  is  an  ore  from  which  the  corundum  could  be  readily  separated 
so  as  to  afford  a  very  clean  product.  If  the  corundum  in  the  rock  is  10 
per  cent  or  more  of  the  amount  required  to  be  removed  in  mining,  this 
should  make  a  very  important  and  profitable  deposit. 

In  another  specimen,  labelled  "  Salbanni,  4  miles  E.  SE.  of  Barampur, 
Manbhoorn  district,  India,''  there  are  blue  crystals  of  corundum  with  a 
rough  hexagonal  prism  imbedded  in  a  mass  of  interlocking  bladed  crystals 
of  cyanite.     These  are  not  so  promising  as  the  others  as  a  corundum  ore. 

It  is  very  probable  that  nearly  all  tlie  corundum  deposits  that  are 
known  in  India  are  secondary  minerals  that  are  the  results  of  metamor- 
phism.  Professor  Judd,  in  his  paper  on  the  Rubies  of  Burma  and 
associated  ^linerals,  says  that  all  the  corundum-bearing  rocks  in  the  dis- 
tricts of  Southern  Asia  appear  to  be  gneisses  that  are  sometimes  passing 
into  schists  and  that  frequently  contain  masses  of  limestone  and  dolomite. 

EMERY. 

Turkey.^'' — Prior  to  1846  emery,  although  known  to  exist  in  greater  or 
less  abundance  in  other  places,  was  supplied  to  the  arts  almost  entirely 
from  the  island  of  Naxos  in  the  Grecian  archipelago.  In  the  latter  part 
of  that  year  Dr.  J.  Lawrence  Smith,  in  the  employ  of  the  Turkish 
government,  made  a  trip  to  different  parts  of  Asia  Minor  where  it 
was  reported  that  emery  had  been  found.  As  a  result  of  his  visit  and  of 
his  examination  of  these  localities  new  deposits  of  emery  were  discovered 
and  mines  were  opened  that  soon  became  the  competitors  of  the  Naxos 
mines  and  caused  a  great  reduction  in  the  ])rice  of  the  ore.  The  first 
locality  that  Dr.  Smith  examined  was  Gumuch-dagh,  a  mountain  about 
12  miles  east  of  the  ruins  of  Ephesus.  'J'he  port  for  this  locality  is 
Smyrna ;  between  Smyrna  and  Gumuch-dagh  emery  is  found  in  a  valley 
about  20  miles  south  of  Smyrna,  called  Allahinan-Bourgs.  At  the  foot 
of  the  mountain  is  the  village  Gumach. 

*•  J.  Lawrence  Smith.  Elmery  formation  of  Asia  Minor ;  Am.  Jour.  Scl.,  2d.  ser..  Vol. 
VII,  1849.  p.  283 :  Vol.  IX,  1850,  p.  289 :  Vol.  X.  1850,  p.  354  ;  Vol.  XI,  1851,  p.  S3 ; 
and  Scientific  Researches.  1851,  pp.  1-53.  Thomae.  W.  F.  A.,  Trans.  Am.  Inst.  Mln. 
Eng..  Vol.  XXVI 1 1,  1898,  p.  208.  Stevens,  W.  E.,  U.  S.  Consular  Reports,  No.  55, 
Aug.  1885. 
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The  emery  as  it  occurs  in  this  locality  is  imbedded  in  a  bluish  coarse- 
grained marble,  resting  upon  mica-slates,  schists,  and  gneisses.  The 
emery  was  found  in  the  greatest  abundance  about  3  miles  from  the 
village  of  Gumach,  near  the  summit  of  the  mountain  and  about  1800 
feet  above  the  level  of  the  valley.  A  great  deal  of  emery  was  scattered 
on  the  surface  varying  in  size  from  small  particles  to  masses  several 
tons  in  weight. 

According  to  Dr.  Smith's  "  description,  the  emery  does  not  occur  in  a 
vein  but  is  irregularly  scattered  through  the  rock  or  occurs  in  small 
to  large  pockets  or  masses.  At  times  it  forms  an  almost  solid  mass 
several  yards  in  length  and  breadth. 

The  locality,  second  in  importance,  that  Dr.  Smith  discovered  is  known 
as  the  Kulah  district.  It  is  near  the  town  of  Kulah,  which  is  about  150 
miles  from  the  village  of  Gumach  and  about  20  miles  from  the  ancient 
city  of  Philadelphia. 

The  emery  occurs  here  in  a  manner  similar  to  that  at  Gumuch-dagh,  in 
a  white,  granular  to  compact  limestone  resting  on  mica-slate,  hornblende- 
schist,  gneiss  and  granite.  None  of  these  rocks,  although  all  were  care- 
fully examined  by  Dr.  Smith,  showed  the  slightest  trace  of  corundum. 
The  emery  is  not  so  abundant  here  as  at  the  first  locality,  and  a  few  years 
after  mining  was  commenced  this  locality  was  abandoned  for  those  nearer 
the  sea. 

Emery  was  also  foimd  in  small  quantities  near  Adula>  a  town  about 
12  or  15  miles  east  of  Kulah,  and  also  at  Manser,  about  24  miles  north  of 
Smyrna.  In  both  these  places  the  emery  is  associated  with  granular 
limestone. 

Grecian  Archipelago. — In  a  number  of  the  islands  of  the  Grecian 
Archipelago  emery  has  been  found  in  considerable  quantities.  The  most 
important  of  these  localities  is  the  island  of  Naxos,  where  emery  is  found 
in  large  blocks  more  or  less  mixed  with  the  red  soil  and  also  imbedded 
in  a  white  marble. 

The  deposits  are  located  principally  on  the  north  and  east  sides  of 
the  island,  the  best  ore  coming  from  Vothrie,  which  is  9  miles  from  the 
coast.  Another  one  of  the  better  localities  on  the  island  is  Apperonthos, 
which  is  7  miles  from  the  coast.  In  the  southern  part  of  the  island 
the  emery  is  found  near  Yasso.  The  emery  has  been  found  in  such 
abundance  on  the  island  in  loose  boulders  and  in  the  soil  that  it  has  been 
necessary  to  do  but  little  work  quarrying  for  it  in  the  rock. 

On  the  island  of  Nicaria  emery  is  found  equal  in  quality  to  the  Naxos 

»  Sec  references  on  p.  267. 
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emery,  but  the  quantity  is  not  so  great.  The  mode  of  occurrence  is  the 
same  as  at  the  other  localities,  and  when  found  in  place  the  emery  is 
always  in  contact  with  the  limestone.  On  the  island  of  Samos  there 
has  been  found,  imbedded  in  the  soil,  a  small  amount  of  emery,  to  which 
was  attached  a  little  calcareous  rock. 

These  emeries  vary  considerably  in  appearance.  The  Gumuch-dagh  is 
usually  in  fine  grains,  is  dark-blue  to  purplish  in  color,  and  is  similar 
to  some  varieties  of  magnetite.  The  interior  of  the  masses  of  this  emery 
is  usually  free  from  the  micaceous  inclusions  that  are  common  to  many 
of  the  emeries.  The  Kulah  emery  is  coarser  grained  and  much  darker 
in  color  than  the  Gumuch-dagh,  and  its  external  surface  sometimes  re- 
sembles that  of  the  mineral  chromite.  The  Naxos  emery  is  dark  gray  in 
color,  mottled  by  small  particles  of  a  micaceous  mineral  that  are  dissemi- 
nated through  it.  It  often  contains  bluish  particles  of  corundum  that  are 
readily  recognized.  Some  of  the  emery  from  the  island  of  Nicaria 
presents  a  schistose  or  lamellated  structure,  many  specimens  resembling 
certain  gneisses.  Its  color  is  dark  blue  and  it  is  sometimes  mottled  like 
the  Naxos  emery.  A  compact  variety  is  also  found  at  this  locality. 
There  is  in  the  schistose  variety  a  considerable  amount  of  micaceous 
mineral  which  undoubtedly  determines  its  structure.  The  emery  from 
the  island  of  Samos  is  of  a  uniformly  dark-blue  color  and  is  both  coarse 
and  fine-grained. 

The  emery  is  mined  in  the  simplest  way  and  owing  to  its  great  abund- 
ance in  the  soil  and  as  loose  boulders  on  the  surface  of  the  ground,  it  was 
many  years  before  much  exploration  in  the  rocks  themselves  was  neces- 
sary. 

Blocks  of  ore  when  not  too  large  are  transported  in  their  natural 
condition  to  the  coast,  but  frequently  they  have  to  be  broken,  and  when 
too  large  to  break  with  hammers  they  are  heated  for  several  hours  and 
on  cooling  they  usually  yield  to  the  blows  of  a  hammer.  Another 
method  of  breaking  these  large  blocks  is  to  suddenly  cool  them  with  water 
after  heating. 

The  shipping  point  of  the  emery  from  all  these  localities  is  Smyrna, 
and  as  it  is  usually  taken  as  ballast  the  cost  of  transportation  is  very  low ; 
the  actual  cost  of  the  emery  laid  down  on  the  docks  in  a  foreign  port  is 
about  one  cent  a  pound.  Thus  it  can  be  seen  that  if  this  mineral  from 
these  foreign  localities  should  be  brought  in  free  of  duty  it  would  make 
close  competition  for  the  emery  mines  in  this  country. 


CHAPTER  IX. 

THE  ALTERATION  OP  CORUNDUM  AND  ITS  ASSOCIATED 

MINERALS. 

The  alterations  observed  in  corundum  deposits  have  been  brought 
about  by  the  same  agencies  that  are  described  in  connection  with  the  de- 
composition of  the  peridotites  in  Chapter  IV.  It  is  in  the  contact  zone 
that  alteration  and  decomposition  take  place  most  readily  and  rapidly; 
but  on  account  of  the  joints  and  seams  in  peridotites,  the  interior  veins 
are  also  subject  to  rapid  decomposition. 

As  the  waters  containing  the  various  chemical  reagents  in  solution 
percolate  downward  through  the  deposits,  they  act  upon  the  corundum 
and  other  primary  minerals,  causing  the  formation  of  a  large  number  of 
alteration  products.  Thus  the  upper  portion  of  the  conmdum  vein  or 
deposit  is  very  different  in  mineralogical  and  physical  characteristics 
from  that  at  greater  depths,  where  these  surface  influences  have  been 
unable  to  act. 

Corimdum  is  a  mineral  which  at  the  earth's  surface  is  one  of  the  most 
unalterable  of  substances,  as  is  well  exemplified  by  the  fragments  that  are 
found  in  the  soil  and  in  the  stream  gravels,  which  show  no  sign  of  chemical 
alteration  on  their  surfaces.  But,  on  the  other  hand,  conditions  have 
existed  beneath  the  surface  that  have  brought  about  an  extensive  altera- 
tion in  the  corundum,  as  shown  by  the  occurrence  of  many  undoubted 
pseudomorphs  after  this  mineral.  There  are  also  many  alteration  pro- 
ducts found  in  these  deposits,  in  the  formation  of  which  corundum  has 
played  an  important  part,  but  true  pseudomorphs  have  not  been  pro- 
duced. These  are  well  illustrated  in  the  zones  of  alteration  products  de- 
veloped in  corundum  veins  in  peridotite. 

There  have  been  but  few  investigations  in  this  field  and  hence  our 
knowledge  of  the  relations  of  the  associated  minerals  to  the  corundum  is 
very  limited.  The  most  extensive  work  along  this  line  has  been  done  by 
Dr.  J.  Lawrence  Smith  and  Dr.  F.  A.  Genth,  and  in  the  descriptions  of 
the  associated  minerals  which  follow  material  has  been  freely  drawn  from 
the  publications  of  both.  There  is  a  great  diversity  in  the  minerals  asso- 
ciated with  corundum,  correspondinfj  chiefly  to  the  several  modes  of 
occurrence;  but  there  arc  also  notable  differences  of  association  between 
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different  localities  where  the  mode  of  occurrence  is  the  same.  Where  the 
corundum  occurs  in  gneiss  and  granite  there  are  but  few  associated 
minerals  and  the  corundum  has  suffered  but  little  alteration.  On  the 
other  hand,  where  it  is  found  in  the  peridotites  there  are  a  great  variety 
of  associated  minerals  and  the  corundum  has  suffered  very  extensive 
alteration.  The  determination  of  the  origin  of  the  corundum  throws 
considerable  light  on  its  relation  to  the  associated  minerals.  Most  of  these 
are  the  result  of  reactions  between  the  corundum  and  the  enclosing  rock 
and  the  direct  alteration  of  the  corundum  due  to  percolating  waters,  but 
some  are  primary  minerals — that  is,  they  were  formed  at  the  same  time 
as  the  corundum  and  are  not  the  result  of  alteration. 

As  most  of  the  corundum  in  North  Carolina  is  found  in  peridotites,  a 
knowledge  of  the  minerals  associated  with  it  in  this  occurrence  will  be  of 
special  interest  and  aid  to  the  miner  and  prospector.  These  usually  in- 
clude some  species  of  the  chlorite  and  vermiculite  groups  and  a  series  of 
other  aluminous  and  magnesian  minerals.  While  the  various  occurrences 
of  corundum  in  the  peridotites  show  a  considerable  difference,  at  times, 
in  the  species  of  the  associated  minerals,  they  all  agree  in  containing 
chiefly  magnesian  minerals  and  in  the  absence  of  any  considerable  quan- 
tity of  quartz  and  mica  of  the  muscovite  group. 

The  associated  minerals  can  readily  be  divided  into  five  groups: 
(1)  Those  that  were  formed  at  the  same  time  as  the  corundum,  as 
chromite  and  the  mineral  constituents  of  the  rocks;  (2)  those  that  have 
been  formed  by  the  direct  reaction  of  the  corundum  with  the  enclosing 
rocks  and  by  hydration,  as  diaspore,  muscovite,  and  chlorite;  (3)  those 
that  are  the  result  of  the  alteration  of  primary  minerals;  (4)  those  that 
are  the  result  of  the  decomposition  of  some  of  the  secondary  minerals, 
as  the  vermiculites;  and  (5)  those  that  have  been  formed  by  the  addi- 
tion of  some  external  elements,  as  apatite,  dolomite,  and  chalcopyrite. 

Where  corimdum  occurs  in  peridotite,  the  associated  minerals  con- 
taining magnesia  are  much  more  abundant  than  those  containing  alumina, 
there  being  a  much  broader  and  more  varied  series  of  minerals  between 
the  unaltered  peridotite  and  the  alumina-magnesia  zone  of  minerals  than 
between  this  zone  and  the  corundum.  This  phenomenon  is  well  repre- 
sented on  a  small  scale  by  the  corrosion  mantles  described  on  pages  79 
and  146  and  figured  in  PI.  XXXVIII. 

Corundophilite,  which  is  so  commonly  observed  at  the  corundum  and 
emery  localities  of  Asia  Minor  and  at  Chester,  Mass.,  has  not  been  iden- 
tified in  North  Carolina,  but  clinochlore  is  the  common  chlorite  here 
associated  with  the  corundum.  Again,  zoisite  is  very  common  at  some 
of  the  localities  in  this  State,  while  epidote  is  almost  entirely  wanting. 
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Diaspore,  the  hydrous  oxide  of  aluminoin,  commonly  associated  with 
comndnm,  has  been  identified  at  but  one  locality  in  this  State,  the 
Corundum  Hill  mine,  from  which  one  specimen  has  been  reported. 

In  the  following  pages  descriptions  are  given  of  all  minerals  that  have 
been  described  as  occurring  with  corundum.  Those  that  have  been  found 
in  this  State  are  described  first  and  the  others  are  given  as  an  appendix 
to  the  list. 

The  associated  minerals  are  here  described  in  the  order  in  which  thev 
are  arranged  in  Dana's  Mineralogy,  where  the  minerals  are  classified  in 
groups  according  to  their  chemical  and  physical  properties. 

An  alphabetical  list  of  the  minerals  that  have  been  found  associated 
with  corundum  in  North  Carolina  is  given  below.  The  number  before 
each  mineral  name  corresponds  to  that  under  which  it  is  described  in 
the  text. 


lAst  of  minerals  found  aaaociated  with  corundum. 


26b. 

17. 

29. 

26. 

19. 

30. 

21. 

25. 

61. 

27. 

16. 
26d. 

42. 
15a. 
22a. 

54. 

40. 

4a. 

2. 

45-46. 

44. 

11. 

31. 
53c. 

46. 

47. 

34. 
26f. 
41a. 

55. 


Actinolite. 

Albite. 

Almandite. 

Amphibole. 

Andeslne. 

Andradite. 

Anorthite. 

Anthophyllite. 

Apatite. 

Arfvedsonite. 

Aragonite. 

Asbestos  (an  amphibole). 

Blotite. 

Breunnerite  (var.  magnesite). 

Bronzite  (var.  enstatite). 

Cerollte. 

Chabazite. 

Chalcedony  (var.  quartz). 

Chalcopyrite. 

Chlorite. 

Chlorltold. 

Chromite. 

Chrysolite  (or  olivine) . 

Chrysotile   (var.  serpentine). 

Clinochlore. 

Culsageeite  (var.  jefferisite). 

Cyanite. 

Cummingtonite. 

Damourite  (var.  muscovlte). 

Deweylite. 


24b.  Diallage  (a  pyroxene). 

13.  Diaspore. 
24a.  Diopside  (a  pyroxene). 

34.  Disthene  (or  cyanite). 

52.  Dudleyite. 
26c.  Edenite  (an  amphibole). 

22.  Enstatite. 
36.  Bpidote. 

17-21.  Feldspar. 

33.  Fibrolite  (or  sillimanite). 
41b.  BHichsite  (var.  muscovite). 
9.  Gahnite. 
28-30.  Garnet 
55a.  Gamierite  (var.  genthlte). 
56.  G^nthite. 
1.  Graphite. 
54.  Gymnlte(same  as  deweylite). 

6.  Hematite. 

26e.  Hornblende   (an  amphibole). 
5.  Hyalite  (var.  opal). 

23.  Hypersthene. 

7.  Ilmenite   (or  menaccanlte) . 

47.  Jefferisite. 

46b.  Kammererite  (var.  pennlte). 
59.  Kaolinite. 
59.  Kaolin  (or  kaolinite). 

48.  Kerrite. 

9.  Kreittonite. 
20.  Labradorite. 
62.  Lazulite. 
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LUt  of  minerals  found  (istociated  with  corundum.— Continued. 


14.  Limonite. 
50.  Lucasite. 
49.  Maconite. 

15.  Magnesite. 
10.  Magnetite. 
43.  Margarite. 

53b.  Marmolite   (var.  serpentine). 

58.  Meerschaum  (or  sepiolite). 

32.  Meionite. 

7.  Menaccanite  (or  ilmenite). 
11a.  Mitchell ite   (var.  chromite). 

41.  Muscovite. 

18.  Oligoclase. 

31.  Olivine  (or  chrysolite). 
5.  Opal  (hyalite). 

62.  Paranthite  (or  meionite). 
26e.  Pargasite   (var.   hornblende). 
46a.  Penninite. 

8a.  Plcotlte  (var.  spinel). 
53d.  Picrolite   (var.  serpentine). 

45.  Prochlorite. 
3.  Pyrite. 


60.  Pyrophyllite. 
24.  Pyroxene. 

4.  Quartz. 
28.  Rhodolite. 

45.  Ripidolite    (see  clinochlore). 
12.  Rutile. 
53.  Serpentine. 
58.  Sepiolite. 

33.  Sillimanite  (or  fibrolite). 
57a.  Soapstone  (var.  talc). 

8.  Spinel. 

38.  Staurolite. 

57a.  Steatite  (var.  talc). 

57.  Talc. 

37.  Tourmaline. 
26a.  Tremolite. 
47-52.  Vermiculite. 
31a.  Villarsite. 

39.  Wellsite. 
51.  Willcoxite. 

53a.  Williamsite  (var.  serpentine). 
35.  Zoisite. 


NATIVE    ELEMENTS.' 

The  native  elements  are  rarely  found  as  associated  minerals  of  corun- 
dum, and  the  only  one  that  has  been  observed  in  situ  is  graphite.  When 
found  in  gravel  deposits,  gold  is  often  an  associated  mineral,  but  no 
authenticated  record  is  known  of  gold  having  been  found  in  the  same 
rock  with  corundum,  although  it  has  been  found  in  rocks  close  by. 

i.  Graphite, 

This  mineral  crystallizes  in  the  hexagonal  system,  but  the  crystals  are 
usually  roughly  developed  and  are  seldom  well  formed.  The  hardness  of  the 
mineral  is  but  1,  so  that  it  is  readily  scratched  with  the  fingernail.  In  color 
it  is  bluish  to  steel  gray,  black,  and  has  a  black  streak.  On  account  of  its 
softness,  it  readily  soils  the  fingers  and  will  leave  a  mark  on  paper. 

Chemically  graphite  is  carbon,  it  being  thus  of  the  same  composition  as  the 
diamond.  In  appearance  it  resembles  very  closely  the  mineral  molybdenite, 
which  is  a  molybdenum  sulphide  (MoS),  from  which  it  can  readily  be  distin- 
guished by  heating  before  the  blow-pipe,  the  molybdenite  giving  off  its  sulphur 
as  sulphur  dioxide  while  there  is  no  change  in  the  graphite. 

This  mineral  has  been  found  at  the  Sheffield  mine,  Macon  County, 
where  it  occurs  as  small  flakes  on  the  gneissic  rock,  in  which  the  corun- 


^  In  tbe  descriptions  of  minerals,  the  general  characteristics  are  given  in  smaller  type, 
while  tbe  text  referring  directly  to  minerals  found  in  North  Carolina  is  given  in  larger 
type. 

18 
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dum  is  found,  also  directly  with  corundum  at  the  Bad  Creek  mine,  Jack- 
son County,  and  with  rubies  at  Caler  Fork  of  Cowee  Creek,  Macon 
Countv. 

SULPHIDES. 

But  few  sulphides  have  been  found  directly  associated  with  corundum — 
that  is,  occurring  in  the  same  vein  or  rock  with  it.  They  are  for  the 
most  part  found  in  the  gravel  deposits  from  which  this  mineral  has  been 
obtained. 

£.  ChalccpyrHe. 

Crystallising  in  the  sphenoidal  group  of  the  tetragonal  s]rstem»  the  crystals 
of  chalcopyrlte  are  usually  wedge-shaped  or  in  sphenoids;  but  the  mineral  is 
more  commonly  found  massive.  The  hardness  is  3.5  to  4  (see  Pyrite.  below) 
and  the  specific  gravity  is  4.1  to  4.3.  The  color  is  brass  yellow,  but  as  the 
mineral  easily  tarnishes,  it  is  often  variegated  in  color.  On  a  fresh  fracture 
it  has  a  bright,  metallic  luster.  The  composition  of  this  mineral  is  a  copper 
iron  sulphide  represented  by  the  formula  CuFeS». 

It  has  been  found  at  but  few  of  the  corundum  localities  and  usuallv 

m 

as  small  particles  or  fragments  scattered  sparingly  through  the  gneissic 
rock,  rarelv  as  small  thin  flakes  or  scales  on  the  corundum.  It  has  been 
found  sparingly  at  the  Sheffield  and  Bad  Creek  mines. 

5.  Pyriie. 

This  mineral  crystallizes  in  the  pyritohedral  group  of  the  isometric  system. 
The  more  common  forms  of  the  cnrstal  are  the  cube,  a  (100),  the  pyritohe- 
dron.  or  pentagonal  dodecahedron,  e  (210),  and  a  combination  of  these  two. 
The  faces  of  the  crystal  are  often  striated  parallel  to  the  edge  a  ^.  e  and  are 
sometimes  rounded.  The  hardness  is  from  6  to  6.5.  and  by  this  property  it 
is  readily  distinguished  from  chalcopyrite.  which  is  readily  scratched  by  steeL 
Its  specific  gravity  is  4.95  to  5.10.  The  color,  which  is  nearly  uniform,  is 
very  pale  brass-yellow,  and  the  luster  is  bright  metallic  Chemically,  pyrite 
is  an  iron  disulphide,  having  the  formula  FeS^. 

Pyrite  has  been  observed  in  small  particles  and  crystals  in  the  midst 
of  fragments  of  oonindum  from  the  Bad  Creek  mine,  at  Sapphire,  Jack- 
son Countv.  This  is  the  onlv  r*erldorite  corundum  vein  in  which  pvriie 
has  been  found.  I:  has,  however.  'c»een  observed  a:  manv  of  the  cN>n:nc-.::ra 
occurrt-nces  in  sneis^. 

OTHZE  StXPHIDES. 

In  ihe  ^ravel  .ieiv^sirs  :f  Caler  Fork  oz  Cowee  Creek.  Macon  Ccuniv, 

inwh:oh:heruV':es,>:->:r.':-^ionp£fe  Ifl -xv^  -S'^t'  &-?*:■  '-^^^  ::uT:i 

si>errvl::e   i  PrAs/*   ihe  r^:^  rlatin:::::  arsenide  which  ^is  f?nni  Trrv 

Spar^A^-^    .n  n..r-...r  .•v.i..t..rS-  C-_»^-i-^   -p  *0  OA*tr  .^a. ,-5'-..^r'«k   ..-i.  — ..X. 
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in  diameter;  pyrrhotite,  Fe^S^^j  an  iron  sulphide  similar  to  pyrite; 
and  sphalerite,  ZnS,  a  zinc  sulphide  which  occurs  in  small  rough  frag- 
ments, and  nodules.  None  of  these  has  been  found  in  place  with  cor- 
undum. It  is  not  improbable  that  one  or  more  of  these  minerals  (see 
also  p.  183)  will  be  found  associated  with  the  rubies  of  this  region  when 
their  origin  has  been  discovered. 

OXIDES. 

Jf,  Quartz. 

Quartz,  the  oxide  of  silicon  (SiOo),  is  not  a  common  associate  of  corun- 
dum, except,  of  course,  in  its  occurrence  in  a  gneiss,  granite,  or  allied 
rock,  where  the  quartz  is  a  constituent  of  the  rock  itself.  Vitreous  or 
glassy  quartz  has  been  found  in  most  of  the  gravel  deposits  in  pebbles 
and  occasional  crv'stals.  Crystalline  quartz  is  readily  identified  bv  means 
of  the  sharp  conchoidal  or  shell-shaped  fracture  it  exhibits  when  broken, 
and  by  its  hardness,  which  is  7,  it  readily  scratching  glass. 

4a.  Chalcedony. — This  variety  of  quartz  has  nearly  the  luster  of  wax  and 
varies  from  translucent  to  nearly  transparent.  The  color  varies  from  white  to 
brownish  and  some  specimens  were  obtained  that  were  of  a  delicate  green 
color,  due  probably  to  the  presence  of  traces  of  nickel.  In  form  it  is  mam* 
miliary  and  botryoidal,  occurring  often  in  seams  and  cracks  in  the  rocks. 

As  an  associate  of  corundum  it  is  found  deposited  in  irregular  masses 
in  the  joints  and  cracks  of  the  rocks,  as  a  result  of  the  final  weathering 
and  disintegration  of  the  peridotites.  It  has  been  found  at  nearly  all  of 
the  corundum  deposits  in  these  rocks. 

5.  Opal  {var.  Hyalite). 

This  is  an  amorphous  variety  of  silica  containing  a  varying  amount  of 
water  and  having  the  general  formula  SiO, .  nHjO.  Its  hardness  is  lower 
than  quartz  and  varies  from  5.5  to  6.5  with  the  different  forms. 

The  only  variety  of  opal  that  has  been  found  in  connection  with  the 
corundum  is  liyalite,  which  occurs  in  perfectly  clear  and  colorless  to 
translucent  and  whitisli  globular  concretions,  and  also  as  crusts  with 
a  reniform  or  botryoidal  surface.  At  the  Corundum  Hill  mine^  hyalite 
in  beaTitiful  colorless  to  white  botryoidal  incrustations,  having  very  much 
the  appearance  of  a  mass  of  dew  drops  have  been  found  upon  chlorite. 
Dr.  Genth '  has  also  described  it  as  occurring  upon  corundum,  at  this 
locality.  It  occurs  very  sparingly  here  and  more  rarely  at  the  Carter 
mine,  in  Madison  County.     Near  Elf,  Clay  County,  hyalite  also  occurs  in 

•Proc.  Am.  Phil.  Soc,  Vol.  XIII,  1873,  p.  371. 
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dear  drop-like  masses  and  thin  incrustations  in  some  of  the  limonite 
geodes,  resulting  from  the  decomposition  of  the  peridotite. 

6.  Hematite, 

Hematite  crystallizes  in  the  rhombohedral  division  of  the  hexagonal  system, 
and  its  crystals  are  similar  to  those  of  corundum,  as  are  also  many  of  its 
ph3rsical  and  chemical  properties.  It  is  from  5.5  to  6.5  in  hardness.  It  can 
readily  be  distinguished  from  the  other  iron  oxides  by  its  red  or  reddish 
brown  streak  and  its  being  anhydrous.  Its  composition  is  represented  by  the 
formula  FCsOa. 

This  mineral,  which  is  also  known  as  specular  iron  ore,  is  sometimes 
found  as  a  constituent  of  emery.  It  has  also  been  found  sparingly  at  a 
number  of  corundum  localities  in  the  amorphous  forms,  as  a  result  of  the 
alteration  of  the  dunite. 

7.  Ilmenite  or  Menaccanite, 

Ilmenite  crystallizes  in  the  rhombohedron  division  of  the  hexagonal  system, 
but  it  is  more  often  massive  and  is  sometimes  in  thin  plates.  It  is  an  iron- 
black  mineral  with  a  black  streak  and  closely  resembles  magnetite.  It  is 
usually  non-magnetic,  but  is  sometimes  slightly  magnetic.  Chemically, 
ilmenite  is  a  double  oxide  of  iron  and  titanium,  represented  by  the  formula 
FeTiOa  or  FeO  .  TiO,. 

This  mineral  has  been  foimd  at  but  few  of  the  corundum  localities. 
At  the  Carter  mine,  in  Madison  County,  it  is  associated  with  oligoclase, 
filling  small  cross  fissures  in  the  corundum  vein.  The  ilmenite  is  in 
small  masses  having  indistinct  crystalline  structure  and  also  in  irregular 
shaped  nodules,  IJ  to  2  inches  in  diameter.  These  two  varieties  have 
been  analyzed  by  Mr.  H.  F.  Keller  *  with  the  following  results : 

Analyses  of  two  varieties  of  ilmenite  from  Carter  mine, 

Madison  County. 

I.  •  II. 

TiO,     52.73  52.64 

Fe^O,     8.08  10.07 

FeO   33.08  31.11 

MgO    5.33  5.33 

SiO,     0.14                


99.36  99.15 

Specific  gravity  4.67  4.68 

» Bull.  U.  S.  Geol.  Survey  No.  74,  p.  32. 
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Another  form  of  occurrence  of  this  mineral  associated  with  corundum 
that  is  very  interesting  is  as  minute  inclusions  in  some  of  the  rubies  that 
are  found  in  the  gravels  of  Cowee  Creek,  Macon  County  (see  page  183). 

SPINEL  GROUP  (8-11). 

The  minerals  of  this  group  (spinel,  picotite,  gahnite,  magnetite,  and 
chromite)  are  characterized  by  their  isometric  crystallization,  the  octa- 
hedron being  the  common  form  of  the  crystals,  and  by  their  chemical 
composition,  all  having  the  general  formula,  EO.RoOs,  or  WW^O^, 

8.  Spinel, 

Spinel  crystaUizes  in  the  isometric  system,  the  octahedron  being  the  more 
common  form  of  the  crystals.  Its  hardness  is  8,  or  as  great  as  that  of  topaz, 
and  its  specific  gravity  is  from  3.5  to  4.  The  common  colors  are  various 
shades  of  red  and  blue,  green  and  black.  The  typical  composition  of  the 
spinel  is  MgAl,04,  but  the  different  varieties  vary  widely  from  this.  The  two 
common  varieties  found  associated  with  the  corundum  are  ceylonite  or 
pleonaste  (iron-magnesia  spinel)  and  picotite  (chrome  spinel). 

As  has  been  observed,  the  spinel  in  North  Carolina  is  generally  massive 
and  coarse  to  fine  granular,  but  is  occasionally  in  crystals.  At  the 
Corundum  Hill  mine  massive  spinel  is  found,  throughout  which  are 
scattered  grains  and  fragments  of  corundum.  At  the  main  shaft  of  this 
mine  spinel  has  been  found  surrounded  by  radiating  chlorite,  see  A  of 
PI.  XXIX.  In  the  mass  it  appears  black,  but  in  thin  splinters  the  color 
is  green.  Dr.  Genth  *  has  described  a  crystallized  spinel  from  the  same 
mine.  The  fine  grained  variety  (a)  has  been  analyzed  by  Mr.  6.  A. 
Koenig*  and  the  coarse  grained  (b)  by  Dr.  Genth.'  The  analyses  are 
given  below  after  deducting  mechanical  admixtures : 

Analyses  of  spinel  from  Corundum  Hill  mine,  Macon  County. 

a.  b. 

AI2O3    54.32  66.63 

CraOa     3.96  Trace. 

FeA     11.51  1.80 

FeO    11.16  11.35 

MgO    19.05  19.86 

CuO     0.11 

NiO    0.25 


100.00  100.00 


*Proc.  Am.  Phil.  Soc,  Vol.  XIII,  1873,  p.  368. 
» Ibid.,  p.  309. 
•Ibid.,  p.  360. 
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The  first  analysis  shows  that  the  spinel  examined  was  the  picotite 
variety  and  the  second  indicates  pleonaste. 

At  the  Carter  mine,  near  Democrat,  Buncombe  County,  a  massive  spinel 
of  a  greenish  black  color  is  found  intergrown  with  pink  and  white  corun- 
dum. In  thin  splinters,  it  is  of  a  very  handsome  emerald  green  color. 
These  spinels  are  primary  minerals  which  are  formed  at  the  same  time  as 
the  corundum. 

Prom  the  Buck  Creek  mine  one  specimen  of  spinel  has  been  reported 
which  consisted  of  black  grains  and  crystals  scattered  through  a  dark- 
green  foliated  chlorite. 

8a.  Picotite. 

The  chrome  spinel,  picotite,  has  been  identified  at  many  of  the  corun- 
dum localities,  but  is  usually  in  minute  grains.  In  the  corundum  bearing 
amphibolite  rocks  from  Clay  County  (p.  82)  microscopic  grains  of  picotite 
are  always  present,  and  the  smaller  grains  of  corundum  are  usually  inter- 
grown with  irregular  masses  of  this  mineral  and  enclose  many  minute 
particles  of  it. 

9.  Oahnite. 

Gahnite  or*  zinc  spinel  has  been  identified  as  an  associate  of  corundum 
only  in  the  gravel  deposits  in  Macon  County.  At  the  Ruby  mine  on 
Cowee  Creek  and  at  the  rhodolite  mine  on  Mason  Branch,  gahnite  has 
been  found  in  the  concentrates  from  the  washing  of  the  gravels  for  these 
gems.  It  has  a  clean,  glassy  fracture,  like  that  of  some  dark  obsidians, 
and  is  deep  bottle-green  by  transmitted  light.  The  octahedron  (o)  alone 
and  in  combination  with  the  rhombic  dodecahedron  (d)  were  the  only 
forms  observed  on  the  crystals.  The  faces  are  never  smooth,  but  have 
an  irregular  and  rounded  appearance  very  similar  to  the  so-called  "  fused 
quartz."  Smooth  fragmentary  masses  are  the  most  common,  varying  in 
size  from  3  mm.  to  1.5  cm.  in  diameter  and  are  very  free  from  inclusions. 

Its  hardness  is  between  7.5  and  8  and  its  specific  gravity  is  from  4.24 
to  4.40.  It  has  been  analyzed  by  Dr.  Charles  Baskerville  with  the  fol- 
lowing results : 

Analysis  of  gahnite  from  Ruby  wi/ie,  Macon  County. 

Kutio. 

AlA    61.09  .599  1.13 

FeO    7.78  .1081 

ZnO    27.44  .339 

MgO    3.30  .083 

99.G1 


>-  .530  =  1. 


N.  C  GBOLOGICAI.  SURVEY 
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(DUll    UILL    <B1M(T),    1 
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From  the  above  analysis  it  is  seen  that  the  mineral  is  kreittonite 
or  the  zinc-iron  variety  of  gahnite.  The  ratio  of  Zno:FeO:MgO 
is  close  to  12:4:3,  which  would  give  the  formula  for  this  gahnite 
(12Zn.4Fe.3Mg)  O-AIA- 

10.  Magnetite, 

Magnetite  crystallizes  in  the  isometric  system  with  the  octahedron  as  the 
common  form.  It  is  readily  recognizable  by  its  strong  magnetic  properties. 
Its  composition  is  a  combination  of  the  protoxide  and  sesquioxide  of  iron, 
represented  by  the  formula  FeFCjO*  (or  both).  In  hardness  it  varies  from 
5.5  to  6. 

Besides  the  occurrence  of  the  magnetite  intimately  associated  with 
corundum  in  emery  (see  description  of  emery,  p.  192),  it  is  also  found 
as  an  associated  mineral  and  as  an  alteration  product  of  chrysolite  (oli- 
vine). In  the  early  stages  of  the  decomposition  of  the  peridotites  there 
is  commonly  a  deposition  of  magnetite  in  fine  grains  which  forms  a 
network  of  black  lines  that  often  outline  the  original  chrysolite  grains 
after  the  whole  has  passed  into  serpentine.  Again,  magnetite  has  been 
deposited  in  the  form  of  perfect  octahedral  crystals,  occurring  in  the 
serpentine  and  talc.  These  crystals  are  usually  very  small,  from  1  to  2 
millimeters  in  diameter. 

At  the  peridotite  formation  on  the  Arthur  Woody  farm,  2\  miles  south- 
east of  Bakersville,  perfect  octahedral  crystals  of  magnetite  1  mm.  in 
diameter  have  been  found.  These  are  nearly  perfect  in  their  develop- 
ment and  have  a  rich,  splendent  luster. 

Magnetite  has  been  found  at  the  Corundum  Hill  mine  in  seams  from 
3  to  4  inches  thick,  at  an  opening  near  the  north  side  of  the  hill.  This 
is  the  largest  seam  or  deposit  of  magnetite  observed  that  is  the  result  of 
the  direct  alteration  of  the  peridotite. 

11,  Chromite, 

This  mineral  is  between  iron-black  and  brownish  black  in  color  and  has  a 
sub-metaUic  luster.  Its  hardness  is  5.5.  The  chemical  composition  has 
usually  been  represented  by  the  formula  FeCrjO*  (or  FeO.CrjO,).  where  part 
of  the  iron  may  be  replaced  by  magnesium  and  the  chromium  by  aluminum 
and  ferric  iron  (see  page  375  for  further  description). 

An  octahedral  parting,  which  apparently  has  not  been  observed  in  this 
mineral  before,  has  been  found  in  that  which  occurs  in  dunite  near 
Webster,  Jackson  County.  So  far  as  could  be  determined  in  the  sections 
it  is  in  every  way  similar  to  that  found  in  other  spinels  (PL  XLII,  fig.  2). 

Chromite  or  chromic  iron,  the  ore  of  chromium,  is  present  in  all  the 
peridotite  formations  that  have  been  examined  in  North  Carolina.     It 
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occurs  in  grains  and  crystals  and  frequently  in  imbedded  masses  near 
the  contact  of  this  rock  with  the  gneiss  or  other  country  rock.  It  is  usu- 
ally massive,  and  from  fine  granular  to  compact,  but  sometimes  it  is 
found  in  small  but  perfect  octahedral  crystals  similar  to  the  magnetite 
described  above.  The  best  crystals  have  been  obtained  from  the  alluvial 
deposits,  where  in  the  disintegration  of  the  enclosing  rock  the  chromite 
crystals  have  been  left  intact  and  have  been  deposited  in  the  gravels.  At 
the  Corundum  Hill  mine  perfect  octahedral  crystals  were  found  that 
were  up  to  1.5  mm.  in  diameter. 

11a,  Mitchellite, — This  mineral  is  a  variety  of  chromite  in  which  the 
iron  oxide  is  largely  replaced  by  magnesia.  The  only  locality  where  it 
has  been  found  is  in  the  peridotites  near  Webster. 

In  appearance  this  chromite  is  different  from  any  other  that  has  been 
observed,  having  a  much  more  coarse-grained  appearance  than  ordinary 
chromite. 

The  analysis  of  this  mineral,  by  Dr.  H.  W.  Foote,  from  which  was 
deduced  the  formula  2MgO.Al203;  MgO.CrjOg;  FeCCrjOs,  is  given 
below,  together  with  the  theoretical  composition. 

Chemical  analysis  and  theoretical  composition  of  mitchellite. 

Theory  for 
2MfirO .  AU)s :  MtfO .  CrsO,  ; 
FeO .  Cr,0,. 

CrA  39.95  40.90 

AlA  29.28  30.44 

FeO  13.90  10.75 

MgO  17.31  17.91 


100.44  100.00 

The  name  mitchellite  was  given  to  this  mineral  in  honor  of  the  late 
Professor  Elisha  Mitchell,  of  North  Carolina. 

Chromite  is  a  verv  stable  mineral  but  instances  have  been  noted  where 
chlorite  and  kammererite  have  been  derived  in  part  from  it  (see  pages  75 
and  319). 

12.  Rutile. 

This  mineral  crystallizes  in  the  tetragonal  system,  the  prismatic  forms 
being  the  common  type.  It  is  from  6  to  6.5  in  hardness  and  has  a  reddish 
brown  to  red  color,  with  a  metallic  to  adamantine  luster.  Its  chemical  com- 
position is  represented  by  the  formula  TiOj.  a  titanium  oxide. 

Rutile  is  rarely  associated  with  corundum.  Dr.  Genth  mentions  its 
occurrence  at  the  Corundum  Hill  mine  in  small  ^rrains  or  crystals  and 
states  that  it  is  very  rare.  It  is  quite  abimdant,  however,  associated 
with  corundum,  in  the  gravel  deposits  of  Ma^on  Branch,  and  Caler  Fork 
of  Cowee  Creek,  Macon  County.     It  is  in  fragments  and  rough  crystals 
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measuring  from  a  few  millimeters  to  one  or  two  centimeters  in  diameter. 
Corundum  has  been  found  at  Crowder's  and  Chubb's  mountains,  Gaston 
County,  that  contains  crystals  of  rutile  of  different  sizes  disseminated 
through  it.  A  peculiar  occurrence  of  this  mineral  is  as  minute  hair- 
like inclusions  in  the  rubies  of  Macon  County,  described  on  pp.  183  and 
190. 

HYDROUS  OXIDES. 

IS,  Diaspore. 

This  mineral  crystallizes  in  the  orthorhombic  system,  the  crystals  usually 
being  prismatic  and  flattened  parallel  to  the  brachypinacoid  or  &(010)  face 
and  with  a  b  cleavage  very  prominent.  The  luster  is  brilliant  and  vitreous 
except  on  the  cleavage  face,  which  is  pearly,  and  the  color  is  whitish  to 
grayish  white.  Its  hardness  is  6.5  to  7.  The  composition  is  AID  (OH),  a 
hydrous  oxide  of  alumina. 

Although  this  mineral  is  a  common  associate  of  most  of  the  emery 
deposits  and  has  been  found  at  some  of  the  corundum  deposits  in  other 
States,  it  has  been  identified  at  only  one  locality  in  North  Carolina. 
Mr.  J.  C.  Trautwine'  has  described  very  minute  acicular  crystals  of 
diaspore  that  were  found  in  cavities  of  massive  corundum  from  the  Cor- 
undum Hill  mine.  A  careful  search  at  this  and  other  corundum  mines 
in  the  State  has  failed  to  reveal  any  other  specimens  of  this  mineral. 

It  is  hot  at  all  improbable  that  diaspore  is  the  result  of  the  alteration 
of  corundum  and  that  it  occurs  with  it  in  a  very  finely  divided  state  at 
many  localities.  The  various  amounts  of  water  that  are  found  in  corun- 
dum from  different  localities  could  r<Midily  be  explained  on  the  suppo- 
sition that  diaspore  is  the  resultant  mineral  due  to  the  direct  hydration 
of  corundum,  which  may  have  been  carried  to  only  a  very  slight  extent. 

14.  Limonite. 

This  mineral  is  readily  recognized  and  identified  by  means  of  its  yellowish 
to  brown  color  and  mamillary  to  botryoidal  structure,  and  its  yellowish 
streak. 

This  hydrous  oxide  of  iron  Fe2(OII)eFe203  or  (2Fe203.3H20),  some- 
times called  brown  hematite,  has  been  observed  at  a  number  of  the  peri- 
dotite  formations  as  a  final  alteration  of  some  of  the  minerals  rich  in 
iron. 

In  Clay  County,  near  Elf,  geodes  of  limonite  were  foimd  that  con- 
tained a  considerable  quantity  of  loose  vermiculite  (see  p.  114).  Some 
of  these  geodes  would  hold  nearly  half  a  bushel.     This  mineral  is  also 

» Jour.  Franklin  Inst.,  Vol.  XCIV,  1872,  p.  7. 
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sometimes  the  result  of  the  final  weathering  of  the  peridotites  and  in 
some  instances  it  has  been  segregated  so  as  to  make  deposits  of  iron  ore 
of  commercial  value. 

CARBONATES. 

Only  a  few  carbonates  have  been  found  at  any  of  the  corundum  locali- 
ties and  those  are  undoubtedly  of  secondary  origin.  They  have  been 
foimd  in  association  with  corundum  in  peridotite  rocks. 

15,  Magnesite. 

Magnesite  crystallizes  in  the  rhombohedral  division  of  the  hexagonal 
system,  the  unit  rhombohedron  being  the  common  form  observed.  It  usually 
exhibits  a  perfect  rhombohedral  cleavage  and  has  a  hardness  of  3  and  a 
specific  gravity  of  3  to  3.12.  In  color  it  varies  from  white  to  yellowish 
and  has  a  vitreous  luster.  Chemically  it  is  a  magnesium  carbonate,  repre- 
sented by  the  formula  MgCO.  or  MgO .  CO,. 

Occasionally  there  is  developed  in  the  joints  of  the  chrysolite  from 
many  of  the  peridotite  localities  a  carbonate  which,  under  the  microscope, 
is  seen  to  have  a  rhombohedral  cleavage  and  a  high  double  refraction. 
A  qualitative  analysis  of  this  mineral  identified  it  as  magnesite.  It 
occurs  at  a  number  of  the  peridotite  localities  but  only  very  sparingly 
at  any  of  them.  Occasionally  some  is  foimd  from  which  distinct  cleavage 
rhombohedrons  can  be  obtained.  Near  Webster,  Jackson  County,  a 
white  earthy  variety  has  been  found  and  at  Mine  Creek,  Yancey  County, 
a  white  compact  variety. 

15a.  Breunnerite,  a  magnesite  containing  a  low  percentage  of  iron, 
has  been  found  in  the  serpentine  4  miles  south  of  Morganton,  Burke 
County,  and  near  Dodson,  Surry  County,  but  has  not  been  recognized 
in  direct  association  with  corundum. 

16.  Aragonite. 

This  mineral  crystallizes  in  the  orthorhombic  system,  but  the  crystals  are 
usually  hexagonal  in  outline,  by  reason  of  twinning.  It  does  not  have  a  very 
distinct  cleavage.  It  is  from  3.5  to  4  in  hardness  and  usually  white  in  color. 
Aragonite  is  a  calcium  carbonate,  CaCOs  or  CaO .  COt. 

At  a  number  of  corundum  mines,  principally  the  Corundum  Hill 
mine,  there  were  found  white  radiated,  star-like  incrustations,  that  had 
the  luster  and  appearance  of  deweylite  (see  fig.  28).  When  tested,  these 
were  found  to  be  made  up  of  a  carbonate,  in  a  matrix  of  the  deweylite. 
No  distinct  crystals  of  the  carbonate  were  observed,  but  when  the  mineral 
was  examined  under  the  microscope,  its  optical  and  crystallographic 
properties  were  seen  to  be  orthorhombic.  It  was  carefully  separated  from 
the  deweylite  and  a  pure  product  obtained  for  analysis.     Its  specific 


ALT£HATION   OF   CORUNDUM   AND   ITS   ASSOCIATED  IflNERALS.         S83 

graTity  ia  3.91,    This  product  was  analyzed  by  Dr.  H.  W.  Foote*  with 
the  following  results: 

A.nalv»i»  of  aragonite  from   Corundum  Hill   mine,  Macon 
County. 

Ratio. 

CO,    43.22  .982 

CaO     54.67  .976 

MgO    0.89 

SIO,     0.36 

Fe,0,     0.18 

Ina.  Rea 0.28 


99.60 


Fio.  28.— ati 


County,  N.  C 


In  the  above  analysis  the  ratio  of  CO,;  CaO  is  .988:. 976,  which  is 
practically  1:1,  and  which  shows  that  the  mineral  ia  chemically  calcium 
carbonate,  CaCOj.  From  the  crystallographic  and  chemical  properties, 
this  carbonate  is  known  to  be  the  mineral  aragonite. 

This  mineral  has  also  been  found  very  sparingly  at  the  Carter  mine, 
Madison  County,  and  the  Buck  Creek  mine.  Clay  County,  and  at  both 
these  localities  it  was  in  the  single  star-like  incrustations. 


d  Sclentlflc  Scbool,  N«w  Bet 
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SILICATES. 

The  silicates  form  by  far  the  largest  class  of  the  alteration  and  asso- 
ciated minerals  of  corundum,  and  are  divided  into  anhydrous  and  hy- 
drous silicates.  Many  of  these  were  derived  directly  from  the  alteration 
of  the  peridotite;  others  were  aided  in  their  formation  by  the  corun- 
dum ;  and  still  others  were  formed  from  the  same  general  magma  as  the 

corundum. 

ANHYDROUS  SILICATES. 

The  Feldspars  {17-21), 

There  are  two  distinct  classes  of  feldspars,  the  potash  and  the  soda- 
lime  (plagioclase).  Only  members  of  the  latter  group,  however,  have  thus 
far  been  found  associated  with  corundum.  They  have  many  characteristics 
in  common.  All  crystallize  in  the  monoclinic  or  triclinic  systems  and  in 
forms  that  closely  resemble  one  another;  they  all  have  cleavage  in  two 
directions,  at  nearly  90 *"  to  each  other,  so  that  they  occur  in  rectangular 
masses;  their  hardness  is  about  6,  a  little  harder  than  steel;  and  in  color  they 
are  nearly  white,  though  they  sometimes  present  pale  shades  of  red,  yellow, 
and  green. 

In  the  plagioclase  feldspars  the  twinning  plane  is  parallel  to  the  brachy- 
pinacoid.  and  the  twinning  is  usually  repeated  in  the  form  of  thin  lamellse, 
giving  rise  to  fine  striations  on  the  basal  cleavage  surface.  By  means  of  these 
striations  a  feldspar  can  usually  be  readily  identified  as  belonging  to  the 
plagioclase  group,  but  to  determine  the  species  to  which  it  belongs  a  chemical 
analysis,  a  specific  gravity  determination,  or  a  microscopical  examination  is 
necessary. 

17,  Albite, 

This  feldspar  is  not  at  all  a  common  associate  of  corundum  in  perido- 
tite and  has  been  observed  at  but  one  locality,  the  Buck  Creek  mine,  in 
Clay  County,  where  it  occurs  very  sparingly.  At  the  Presley  mine,  in 
Haywood  County,  albite  is  associated  with  corundum  and  muscovite  in 
the  pegmatitic  dikes.  Albite  is  also  associated  with  corundum  in  some 
of  the  occurrences  of  corundimi  in  gneiss. 

IS.  Oligoclase. 

This  mineral  has  been  found  at  the  Corundum  Hill  mine,  where  it  is 
associated  with  black  tourmaline ;  it  has  also  been  found  at  the  Carter 
mine  in  Madison  County.  That  from  the  Conmdum  Hill  mine  has  been 
analyzed  by  Mr.  H.  M.  Keller,'  as  follows: 

Analysis  of  oligoclase  from  Corundum  Hill  mine,  Macon  County. 

SiO.    63.32 

AUO3    35.19 

CaO    5.01 

Na,0    8.02 

K2O     0.25 

•  Bull.  U.  S.  Geol.  Survey  No.  74,  p.  55.  101.79 
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19.  Andesine. 

Andesine  occurs  in  the  Buck  Creek  mine  in  snow-white  and  bluish- 
white  masses,  showing  distinctly  the  fine  striae  on  the  basal  cleavage 
plane,  and  is  associated  with  black  hornblende.  In  the  same  mine  a 
fine-grained  andesine  is  associated  with  zoisite  and  margarite.  The  first 
(I)  has  been  analyzed  by  Mr.  G.  A.  Koenig"  and  tlie  latter  (IT)  by  Mr. 
T.  M.  Chatard."  " 

Analyses  of  andesine  from  Buck  Creek  mine.  Clay  County. 

I.  II. 

SiO,     57.29  58.41 

Al^Os    26.52  25.93 

Fe,0,     0.21  0.38 

MgO     0.15  0.18 

CaO     7.80  5.82 

Na,0    6.75  6.45 

KjO    0.33  2.10 

Loss  by  ignition  1.43  0.93 

100.48  100.20 

Specific  gravity  2.611  2.610 

This  feldspar  has  also  been  found  at  the  Bad  Creek  mine.  Sapphire, 
Jackson  Countv. 

20.  Labradorite. 

This  feldspar  has  been  identified  at  but  one  of  the  corundum  locali- 
ties, the  Buck  Creek  mine,  where  it  occurs  in  small  white,  lustrous, 
cleavable  masses,  which  show  but  few  of  the  striae.  It  has  been  analyzed 
by  Mr.  W.  II.  Jarden,"  with  the  following  results : 

Analysis  of  labradorite  from  Buck  Creek  mine.  Clay  County. 

SiO.    55.61 

AlA    26.90 

CaO    9.60 

Na-O     6.97 

K.0     0.55 

Loss  on  ignition 0.35 


99.98 


"Proc.  Am.  Phil.  Soc,  Vol.  XIII,  1873,  p.  375. 

"  Ibid. 

"  Bull.  U.  S.  Geol.  Survey  No.  74,  p.  54. 
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£1.  AnorihUe. 

This  feldspar  forms  with  olivine  a  mass  of  troetolite  that  outcrops  over 
an  area  of  about  two  acres  at  the  extreme  eastern  border  of  the  perido- 
tite  outcrop  at  Buck  Creek  (for  description  of  this  rock  see  page  76). 
The  particles  of  anorthite  vary  in  size  from  that  of  a  pea  to  nodules  an 
inch  and  a  half  long  by  three-quarters  of  an  inch  broad,  and  are  sepa- 
rated from  the  olivine  by  a  zone  of  silicates,  composed  partly  of  enstatite 
(see  PI.  XXXVIII). 

There  is  a  similar  occurrence  of  anorthite  at  Shooting  Creek,  Clay 
County. 

In  the  grass-green  amphibolite  dikes,  containing  nodules  of  pink 
corundum,  that  occur  with  the  peridotites  at  Buck  Creek,  there  is  a  tri- 
clinic  feldspar  which  agrees  both  in  specific  gravity  and  extinction  angles 
with  anorthite.  Partial  analyses  of  this  anorthite  are  given  on  page  85, 
which  confirm  the  results  of  the  physical  tests. 

PYROXENE    GROUP. 

There  are  three  divisions  of  the  minerals  in  this  group,  according  as 
they  crystallize  in  the  orthorhombic,  monoclinic,  or  triclinic  systems. 
Of  these  the  first  two  are  the  more  important.  They  closely  resemble  one 
another  in  chemical  composition  and  physical  properties. 

OBTHOBHOMBIC  DIVISION. 

22.  Enstatite. 

Enstatite  crystallizes  in  the  orthorhombic  system  but  distinct  crystals  are 
rare,  and  their  habit  is  prismatic,  with  angles  of  nearly  90^.  It  is  usually 
massive  to  fibrous  and  has  a  nearly  perfect  prismatic  cleavage.  Its  hardness 
is  5.5  and  when  massive  it  forms  a  very  tough  rock.  In  color  it  is  a  grayish 
white,  and  yellowish  to  brown,  the  darker  varieties  containing  a  larger  per- 
centage of  iron  oxide. 

Chemically  enstatite  is  a  magnesium  silicate,  MgSiOg;  but  there  is  usually 
a  little  ferrous  oxide  isomorphous  with  the  magnesia  and  as  this  increases 
the  mineral  becomes  darker  in  color  and  passes  through  bronzite  to  hyper- 
sthene. 

Enstatite  occurs  not  only  as  a  rock  constituent  in  harzburgite  (saxon- 
ite),  pyroxenite,  and  enstatolite,  but  it  has  been  found  at  many  of  the 
corundum  localities  as  one  of  the  alteration  products  or  vein  minerals. 

Enstatite  is  often  mistaken  for  anthophyllite,  the  orthorl;ombic  am- 
phibole,  and  at  many  of  the  corundum  localities,  more  noticeably  at  the 
Corundum  Hill  mine,  North  Carolina,  and  the  Laurel  Creek  mine,  Geor- 
gia, the  mineral  that  is  commonly  called  anthophyllite  is  enstatite.    That 
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from  Corundum  Hill  occurs  in  the  vein  between  the  corundum  and  the 
unaltered  dunite.  It  is  a  mass  of  interlocking  bladed  grayish  crystals, 
that  is  very  tough  and  tenacious. 

This  mineral  has  been  analyzed  by  Dr.  Baskerville  with  the  following 
results : 

Analysis  of  enstatite  from  Corundum  Hillt  Macon  County. 

Ratio. 
SiO,    51.64  .861 

A1,0,    0.12  .001 

FeO    9.28  .129 

MnO     0.56  .008 

MgO    31.93  .798 

CaO    0.45  .008 

H,0     5.45  .303 


.943 


99.43 


The  presence  of  water  in  the  analysis  shows  that  there  was  some  ser- 
pentine or  talc  mixed  with  the  enstatite  analyzed. 

At  a  number  of  the  peridotite  localities,  a  brownish  enstatite  has 
been  sparingly  found. 

22a,  Bronzite, — The  occurrence  of  this  variety  of  enstatite  in  any 
considerable  amount  in  North  Carolina  was  first  mentioned  by  Dr.  G.  H. 
Williams,"  who  described  specimens  of  a  bronzite-diopside  rock,  to 
which  he  gave  the  name  websterite.  These  specimens  were  from  the 
Webster  peridotite  area  described  on  page  92  (see  PI.  VIII). 

Near  the  northern  end  of  the  dunite  outcrop,  at  the  side  of  the  road, 
boulders  were  observed,  which  when  broken  open  were  found  to  be  com- 
posed almost  entirely  of  bronzite.  Besides  the  boulders,  a  few  masses 
of  the  same  rock  have  been  observed  in  situ. 

The  Bronzite  composing  this  rock  is  of  a  resinous  brown  color,  and 
of  a  bronze-like  luster,  even  on  the  unaltered  surfaces.  On  the  cleavage 
surface  the  luster  is  decidedly  pearly.  No  distinct  crystals  were  ob- 
served, the  specimens  being  a  mass  of  interlocking  crystals  making  a 
very  tough  rock  similar  to  the  enstatite  described  above.  In  most  of  the 
specimens  the  crystals  were  so  interlocked  that  no  crystal  outline  of 
these  could  be  distinguished.  In  a  few  of  the  specimens  the  crystals 
were  much  larger  and  their  development  and  their  outline  could  readily 
be  detected.  Some  of  the  crystals  measured  2  cm.  in  the  direction  of 
the  b  axis. 

The  material  for  analysis  was  hand  picked  and  that  selected  showed 
no  impurities  or  decomposition  when  examined  with  the  magnif3nng  glass. 

"American  Geologlat,  VI,  1890,  p.  43. 
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The  results  of  an  analysis  by  Dr.  Baskerville  are  given  below : 
Analysis  of  bronzite  from  near  Webster,  Jackson  County. 


012 


SiO,     53.62  .894  =100 

A1,0,    97 

CFjO,     50 

FeO     9.06 

CaO    1.75  .031  V  .994  =     1.11 

MgO    33.53 

H,0    0.19 


99.62 


In  the  above  analysis  the  ratio  of  the  bivalent  oxides  to  the  silica 
(SiOj)  is  close  to  1:1,  and  of  ferrous  oxide  (FeO)  to  magnesia 
(MgO)  and  lime  (CaO)  is  very  near  1:7;  this  would  give  the  for- 
mula, (MgFe)Si03,  with  Mg:  Fe  =  7 : 1,  for  this  mineral. 

Associated  with  the  bronzite  is  the  emerald-green  diopside  mentioned 
by  Williams,  which  is  sparingly  scattered  through  the  rock  in  very  small, 
clear,  green  grains. 

The  name  bronzite  is  very  appropriate  to  this  enstatite,  for  the  luster 
is  decidedly  bronze-like  throughout  the  entire  mass.  A  similar  bronzite, 
showing  the  same  decided  bronze-like  luster,  has  been  found  on  Cane 
Creek,  3  miles  east  of  Webster,  and  also  at  the  Buck  Creek  (Cullakeenee) 
corundum  mine  in  Clay  County. 

23,  Hypersiliene, 

Hypersthene  is  very  similar  to  enstatite,  into  which  it  passes  with  loss 
of  ferrous  oxide.  Its  optical  and  crystallographic  properties  are  also  de- 
pendent upon  this  variation  in  its  content  of  ferrous  oxide.  It  varies  in 
color  from  dark  brownish  green,  grayish,  and  greenish  black  to  brown.  Its 
chemical  composition  is  represented  by  the  formula  (FeMg)Si03  where  the 
ratio  of  Fe  :  Mg  varies  from  1  :  3  to  nearly  1  :  1. 

Tliis  mineral  is  not  commonly  associated  with  corundum,  but  at  one 
locality,  on  the  headwaters  of  Shooting  Creek  in  Clay  County,  as  a 
constituent  of  a  hypersthenite  dike  it  is  directly  associated  with  corun- 
dum.    This  rock  is  described  on  page  72. 

MONOCUXIC  DIVISION. 

2Ji.  Pyroxene. 

This  mineral  crystallizes  in  the  monoclinic  system  and  the  common  habit 
is  prismatic,  the  prism  angles  being  nearly  90°.  It  varies  in  color,  being 
nearly  colorless,  white,  brown,  black,  or  green,  sometimes  very  bright  green, 
the  color  depending  upon  the  chemical  composition. 
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The  different  varieties  of  pyroxene  are  found  but  sparingly  at  the 
corundum  localities  and  only  as  a  constituent  of  websterite  (the  variety 
diopside)  does  it  reach  any  importance.  The  variety  diallage  is  some- 
times observed  with  the  chrysolite  grains  composing  the  dunite. 

24(1'  Diopside. — This  variety  of  pyroxene  is  a  calcium  magnesium  silicate, 
represented  by  the  formula  CaMgCSiOa),,  and  in  color  is  white,  yellowish  to 
pale  green,  sometimes  dark  green  or  nearly  black.  Traces  of  chromium  often 
give  a  very  bright  green  color. 

It  occurs  very  abundantly  as  a  constituent  of  the  websterite  found  in 
the  peridotite  area  near  Webster,  Jackson  County,  and  the  chrome  diop- 
side has  been  found  sparingly  with  the  bronzite  described  above. 

24i-  Diallage. — This  variety  is  similar  in  chemical  composition  to 
diopside,  but  sometimes  contains  a  considerable  per  cent  of  aluminum. 
It  is  characterized  by  a  fine  lamellar  structure. 

It  occurs  very  sparingly  in  dunite  from  some  of  the  peridotite  locali- 
ties. It  is  a  natural  constituent  of  the  peridotites,  Iherzolite,  and 
eulysite. 

Both  the  orthorhombic  and  monoclinic  pyroxenes  follow  the  same 
general  laws  in  the  development  of  alteration  products,  and  the  change 
is  usually  to  hornblende  and  from  this  to  talc.  The  pyroxenes  are 
sometimes  original  constituents  of  the  rocks,  but  in  some  cases  they  are 
very  evidently  a  secondary  product.  This  is  especially  true  of  the 
enstatite  variety. 

AMPHIBOLE    GROUP. 

The  amphibole  group,  like  the  pyroxene  group,  contains  a  number  of 
mineral  species  that  crystallize  in  the  orthorhombic,  monoclinic,  and  triclinic 
systems,  and  that  are  very  closely  related  to  one  another  in  chemical  com- 
position, and  in  crystallographic  and  optical  properties.  They  are  also  closely 
allied  to  the  pyroxene  group,  and  it  is  often  difficult  to  distinguish  them  from 
one  another  chemically.  Although  there  is  a  close  relationship  between  them 
in  crystalline  form,  they  can  be  readily  distinguished  by  their  prismatic  angle 
and  cleavage,  that  of  pyroxene  being  ST*'  and  93°  and  of  amphibole  56° 
and  124°. 

The  minerals  of  the  amphibole  group  consist  chiefly  of  lime,  magnesia, 
and  ferrous  oxide  silicate,  often  containing  soda,  potash,  alumina,  and  ferric 
oxide,  and  may  be  represented  by  the  general  formula  RSiO,,  and  with 
R"R'"jSiO.,  where  R"  =  Ca,Mg,Fe,Na2,K8  and  R"'  =  Al,Fe. 

OBTHOBHOMBIC  DIVISION. 

26.  Anihophyllite. 

Anthophyllite  crystallizes  in  the  orthorhombic  system  and  with  a  prismatic 
habit.    The  crystals  are  rather  rare,  and  are  seldom  terminated.    It  is  com- 
monly lamellar  or  fibrous. 
19 


290      CORUNDUM  AND  PEBIDOTITES  OF  WESTERN  NORTH  CAROLINA. 

Its  cleavage  is  perfect,  prismatic,  and  in  color  it  is  brownish  gray,  yellowish 
brown,  clove-brown,  and  brownish  green.  Chemically  it  is  a  magnesian, 
ferrous  oxide  silicate,  represented  by  the  formula  (MgFe)  SiO..  Alumina  is 
sometimes  present  in  considerable  amount. 

Anthophyllite  is  nearly  or  quite  infusible  and  contains  little  or  no  lime, 
and  may  thus  easily  be  distinguished  from  the  monoclinic  amphiboles,  which 
are  readily  fusible,  and  contain  much  calcium  oxide. 

The  anthophyllite,  which  has  been  reported  in  quantity  from  several 
conindmn  localities,  has  proved  to  be  enstatite.  As  a  direct  associate 
of  corundum  anthophyllite  is  not  common,  but  as  a  rock  constituent 
it  has  been  found  at  a  number  of  the  peridotite  formations. 

The  most  important  locality,  and  in  fact  the  only  one  in  the  United 
States  where  good  crystals  of  anthophyllite  have  been  found,  is  at  the 
Woody  place,  2^  miles  south  of  Bakersville,  Mitchell  County,  on  the 
Marion  road.  The  hillside  where  it  occurs  is  quite  barren  and  thickly 
Rcattered  with  loose  fragments  and  boulders  of  altered  dunite.  Tlie 
outcrop  has  been  carefully  examined .  but  the  anthophyllite  has  been 
found  only  in  the  boulders.  The  mineral  occurs  in  prismatic  crystals 
imbedded  in  penninite.  Nearly  all  the  crystals  are  seamed  and  cracked 
and  those  near  the  outer  part  of  the  boulders  are  somewhat  decomposed 
and  stained  a  dirty  brown.  The  purest  crystals  are  transparent,  and 
vary  from  pale  clove-brown  to  a  flesh  color. 

The  crystals  measure  from  2  mm.  to  6  mm.  in  the  widest  diameter, 
and  some  were  over  3  cm.  in  length.  A  great  many  crystals  were  ex- 
amined, but  no  terminated  ones  were  observed.  The  unit  prism,  110, 
occurring  alone,  or  in  combination  with  the  brachypinacoid,  010,  were 
the  only  forms  observed. 

This  anthophyllite  was  formerly  described  by  Prof.  S.  L.  Penfield" 
as  occurring  at  the  Corundum  Hill  mine.  He  made  an  analysis  of  the 
mineral  (II,  below),  and  it  has  also  been  analyzed  by  Dr.  Charles  Bas- 
kerville  (I,  below). 

Analyses  of  anthophyllite  from  Woody  Place,  near  Bakersville, 

Mitchell  County. 
I. 

SIO,   56.40 

AlaO,   1.15 

FeO   11.40 

MnO    

MgO    28.68  28.69  .717  1..963 

CaO     0.50 

HoO    1.63 

Loss  at  100°  C 


II. 

Ratio. 

57.98 

.966 

0.63 

.006 

10.39 

.144  1 

0.31 

.005 

28.69 

.717 

0.20 

.004 

1.67 

.093 

0.12 

99.76  99.99 

"  Am.  J.  Scl.,  Vol.  XL.  1890,  p.  394. 
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In  the  above,  the  ratio  of  SiO,  to  the  basic  oxides  RO  (including 
fljO)  is  .966  :  .963  or  almost  exactly  1  :  1,  giving  the  formula  RSiOg, 
where  R  :=  Mg,  Fe,  Ho  and  traces  of  Mn  and  Ca.  Experiments  made 
by  Penfield"  have  shown  that  the  HoO  is  an  essential  constituent  of 
the  mineral  and  not  the  result  of  alteration. 

White  prismatic  crystals  of  anthophyllite  are  also  sparingly  found 
at  this  locality. 

One  specimen  of  a  true  anthophyllite  has  been  found  at  the  Corun- 
dum Hill  mine,  but  this  was  more  fibrous  and  not  of  such  good  quality 
as  that  from  the  Woody  Place.  At  the  Buck  Creek  corundum  mine, 
brown  prismatic  crystals  of  anthophyllite  have  been  found  rather  spar- 
ingly. 

As  a  secondary  constituent  of  dunite,  this  mineral  occurs  at  Corundum 

Hill  in  long,  slender  needles  penetrating  the  rock  in  every  direction 
(PI.  XL,  fig.  2)  in  exactly  the  same  manner  as  cummingtonite  or  tremo- 
lite  in  other  localities  (see  foot-note,  p.  67).  The  rock  is  described  on 
p.  88. 

MONOCLINIC   DIVISION. 

26,  Amphibole. 

Some  of  the  different  varieties  of  amphibole  are  found  at  nearly  all 
of  the  corundum  localities.  In  some  instances  it  forms  a  considerable 
proportion  of  the  vein  minerals,  while  at  others  it  is  found  but  spar- 
ingly.   It  is,  of  course,  abundant  as  a  constituent  of  the  amphibolites. 

Amphibole  crystallizes  in  the  monoclinic  system,  with  the  crystals  com- 
monly prismatic.  It  is  sometimes  fibrous,  coarse  or  fiQe,  and  also  granular 
massive.  The  prismatic  cleavage  is  perfect.  The  luster  is  vitreous  to  pearly 
and  in  the  fibrous  varieties  silky.  In  color  it  varies  from  black  to  white, 
through  various  shades  of  green  and  brown. 

In  composition  it  is  generally  analogous  to  the  pyroxenes  and  is  a  normal 
metasilicate  of  calcium  and  magnesium,  usually  with  iron  and  often  with 
manganese,  aluminum  and  the  alkali  metals,  sodium  and  potassium. 

26a.  TremoHte. — This  mineral  is  the  calcium  magnesium  variety  of  amphi- 
bole and  its  chemical  composition  is  expressed  by  the  formula  CaMg3(SiOB)4. 
Ferrous  oxide  sometimes  sparingly  replaces  magnesia.  Its  color  varies  from 
white  to  dark  gray. 

A  tremolite-like  mineral  has  been  found  at  many  of  the  corundum 
localities  in  North  Carolina,  in  long,  slender  needles,  which  penetrate  the 
chrysolite  grains  in  every  direction,  and  is  undoubtedly  of  secondary 
origin.  It  is  not  improbable,  however,  that  it  would  often  prove,  on 
chemical  examination,  to  be  cummingtonite,  as  described  below  (No.  26/). 

»  Loc.  clt,  p.  897. 
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26b.  ActinoHte. — ^This  is  the  calclum-magnesium-iron  variety  of  amphibole, 
whose  formula  is  Ca(MgFe)B(SiO,)«.  Its  color  is  usually  bright  green  to 
grayish  green. 

It  occurs  at  many  of  the  conindum  localities,  especially  at  the  Corun- 
dum Hill  mine,  where  it  has  been  found  in  long,  slender,  bright-green 
crystals,  3  to  5  inches  in  length. 

The  amphibole  of  the  amphibole-peridotites,  which  occur  in  many 
localities,  is  often  actinolitic  in  appearance,  but  is  doubtless  usually 
aluminous. 

26c.  Edenite. — ^Edenite  is  one  of  the  aluminous  amphiboles,  and  Is  of  a 
white  to  gray  and  pale-green  color.  As  the  percentage  of  iron  increases,  the 
edenite  passes  through  the  green  pargasite  to  the  dark  colored  or  black 
hornblende. 

The  corundum-bearing  amphibolite  dikes  that  are  found  associated 
with  the  peridotites  at  Buck  Creek,  Clay  County,  are  composed  prin- 
cipally of  a  grass-green  amphibole  and  anorthite.  This  rock  is  de- 
scribed on  page  83. 

This  amphibole  has  usually  been  referred  to  the  variety  smaragdiie, 
but  the  chemical  analyses  of  the  mineral  show  that  it  should  be  classed 
with  the  variety  edenite.  When  the  minute  particles  or  powder  of  this 
mineral  were  examined  under  the  microscope  many  particles  of  chromite 
or  picotite  were  observed  and  the  color  was  always  a  deeper  green 
directly  surrounding  them.  The  purer  mineral,  separated  by  the  heavy 
solution,  was  analyzed  by  Dr.  Baskerville.  The  results  of  this  analysis 
are  given  below  (I),  also  of  an  analysis  of  the  same  mineral  by  Dr. 
Genth  (11),  in  which  there  was  no  separation  of  the  picotite. 

Analyses  of  edenite  from  Buck  Creek,  Clay  County. 

I.  II. 

SiO,     44.38  45.14 

AlA    17.32  17.59 

Cr  A     0.38  0.79 

FeO    3.83  3.45 

NiO     0.21 

MgO    15.48  16.69 

MnO    0.90                

CaO   11.51  12.51 

Na,0    1.24  2.25 

KaO    0.38  0.36 

Loss  on  ignition,  HjO  4.63  1.34 

100.03  100.33 

Specific  gravity  3.075  3.120 
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The  higher  specific  gravity  and  the  greater  percentage  of  chromium 
oxide  (CrjOg)  in  the  mineral  analyzed  by  Dr.  Genth  are  probably  due 
to  the  presence  of  picotite  or  chromite  inclusions.  The  grass-green  color 
of  the  edenite  is  without  doubt  also  due  to  the  presence  of  the  chromic 
oxide. 

26d,  Asbestos. — Tremolite,  actinolite,  and  many  of  the  non-aluminous 
varieties  of  amphibole  are  at  times  very  fibrous,  the  fibers  being  some- 
times very  long,  flexible,  and  easily  separated  with  the  fingers  and 
looking  somewhat  like  flax.     These  are  also  called  asbestos. 

Much  of  the  material  that  is  called  asbestos  is  chrvsotile,  a  fibrous 
variety  of  serpentine.  It  has  been  found  at  many  of  the  peridotite  forma- 
tions, and  at  some,  in  sufficient  quantity  to  make  it  of  considerable  econ- 
omic importance.     These  localities  are  described  on  page  390. 

26e.  Hornblende  {pargaaite  and  common  hornblende). — This  variety  of 
amphibole  varies  in  color  from  bright  or  dark  green,  bluish  green,  to  grayish 
black  and  black.  Pargasite  usually  includes  the  green  colors  and  the  common 
hornblende  the  darker  colors. 

At  nearly  all  of  the  corundum  localities  there  is  more  or  less  of  the 
green  hornblende,  some  of  which  is  in  good  prismatic  crystals.  At  the 
peridotite  locality  near  the  Micaville  ford,  Yancey  County,  brown 
crvstals  of  hornblende  were  found. 

A  deep  black  hornblende  occurs  with  the  corundum  at  the  Buck  Creek 
mine,  and  makes  up  a  considerable  portion  of  the  vein.  Some  of  this 
hornblende  gives  a  strong  soda  reaction,  and  was  classified  as  arfved- 
sonite,  but  the  chemical  analysis  showed  only  a  low  per  cent  of  soda. 
It  does  not  fuse  as  readily  as  arfvedsonite,  whose  fusibility  is  2. 

The  mineral  was  analyzed  by  Dr.  J.  L.  Smith  "  with  the  following 
results : 

Analysis  of  hornblende  from  Buck  Creek  mine.  Clay  County. 

SiO,    45.90 

AI2O3    13.34 

FCsOa    11.46 

CaO    12.20 

MgO     12.53 

Na^O    3.39 

H,0 0.66 


99.48 
"  Bull.  U.  S.  Geol.  Survey  No.  74,  1891,  p.  45. 
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The  tme  arfvedsonite  contains  about  8  per  cent  of  soda  (Na,0), 
while  the  above  mineral  contains  but  3^  per  cent. 

Black  hornblende  is  also  quite  abundant  at  the  Bad  Creek  mine,  in 
Jackson  County. 

26f.  Cummingtonite. — ^This  mineral  is  almost  identical  in  composi- 
tion with  anthophyllite,  but  optically  it  is  monoclinic  and  is  often  called 
amphibole-anthophyllite.  It  has  been  observed  at  a  number  of  locali- 
ties, especially  at  the  dunite  localities  about  Sapphire,  Jackson  County, 
and  at  the  Corundum  Hill  mine,  Macon  County,  as  minute  needle-like 
colorless  prisms  penetrating  the  grains  of  olivine  of  the  dunite  in  every 
direction.  It  possesses  the  physical  and  optical  properties  of  tremolite, 
but  chemical  examination  proves  the  absence  of  lime,  which  is  always 
present  in  tremolite. 

27.  Arfvedsonite, 

Dr.  Genth  "  has  reported  the  occurrence  of  this  mineral  at  the  Corun- 
dum Hill  mine,  but  it  was  probably  a  hornblende. 

GARNET  (28,  29,  and  30). 

Under  this  head  are  Included  a  series  of  minerals  that  are  orthosilicates, 
having  the  general  formula  R^aR'^'aCSiO*),,  where  R''  =  Ca,  Mg,  Fe,  and  Mn 
and  R'"  ^  Al,  Fe  and  Cr.  They  cnrstallize  in  the  isometric  system,  the  dode- 
cahedron and  trapezohedron  being  the  common  forms,  either  alone  or  in 
combination.  The  hardness  is  from  6.5  to  7.5.  The  specific  gravity  varies 
from  3.5  to  4.3  according  to  the  chemical  composition,  which  also  causes  the 
color  to  vary  from  pink,  red,  brown,  yellow,  white,  green  to  black. 

In  the  following  table  are  given  the  different  varieties  of  garnet,  with  their 
chemical  composition: 

I.  Aluminous  garnets. 

Grossularite    CagAl,(SiOJ, 

Pyrope    Mg,Al,(Si04), 

Rhodolite     2Mg,Al,(SiOJ, .  Fe,Al,(Si04), 

Almandite    Fe,AU(Si04), 

Spessartite    Mn,Alt(Si04)s 

II.  Iron  garnets. 

Andradite    CagFej(Si04), 

III.  Chromium  garnet. 

Uvarovite    CaaCr,(Si04), 

Of  these  varieties  of  garnet,  but  three  have  been  found  directly  asso- 
ciated with  corundum,  and  these  are  rhodolite,  almandite,  and  andradite. 

"Bull.  U.  S.  Geol.  Survey  No.  74,  1891,  p.  118. 
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28.  Rhodolite. 

This  garnet  is  remarkable  for  its  color  and  beauty  as  a  gem  stone.  It 
has  a  peculiar  and  beautiful  tint  that  is  in  part  similar  to  that  belonging 
to  the  rhododendron  and  rose,  and  this,  combined  with  its  transparency 
and  brilliancy,  is  most  striking  in  artificial  light. 

It  is  found  associated  with  the  rubies  in  the  Cowee  valley,  Macon 
County  (see  p.  182)  and  is  usually  in  waterworn  fragments  or  pebbles  in 
the  gravels  of  this  district.  The  only  crystals  that  have  been  found  are 
very  minute,  occurring  as  inclusions,  and  they  are  sometimes  rhombic 
dodecahedrons  and  at  others  trapezohedrons. 

Many  of  the  ruby  crystals  from  this  locality  bear  impressions  which, 
when  a  wax  mold  of  them  has  been  taken,  are  seen  to  be  of  garnet. 
Other  rubies  have  been  broken  open  and  minute  rhodolites  "have  been 
found  in  them.  Corundum  crystals  have  also  been  found  wholly  and 
partially  surrounding  rhodolite.  This  association  of  garnet  and  corun- 
dum has  been  represented  in  fig.  16,  p.  183. 

Some  carefully  selected  pieces  of  this  mineral,  of  a  pale  rose  tint, 
having  a  specific  gravity  of  3.837  to  3.838,  were  analyzed  with  the  fol- 
lowing results : 

Analyses  of  rhodolite  from  Mason  Branch,  Macon  County.^ 

I.  II.  III.  Average.       Ratio. 

SiO,    41.54  41.65  ....  41.59  .693  =  3.00 

.02 


AUO,    23.26  23.10  23.13  .226) 

1  .237  =  l.( 


Fe,0,    1.88  1.92  ....  1.90  .011 

FeO    15.48  15.63  ....  15.55  .216 

MgO    16.90  17.48  17.19  .429     .661  =  2.89 

CaO    1.02  .86              .92  .016 

The  ratio  of  R"0 :  E'"203 :  SiO^  is  nearly  3:1:3,  which  would  give 
the  general  formula  3R"O.E'"203.3Si02,  or  R"3R"%(SiOj3,  which  iden- 
tifies this  mineral  as  a  garnet.  The  ratio  of  MgO  :  FeO  (.437  :  .216)  is 
almost  exactly  2:1,  which  would  indicate  that  the  mineral  is  composed 
of  two  molecules  of  a  magnesium-aluminum  garnet  (pyrope)  and  one 
molecule  of  a  ferrous-iron-aluminum  garnet  (almandite).  The  theo- 
retical composition  calculated  for  this  ratio  is  given  below,  together  with 
the  analysis  after  substituting  for  Fe203  its  equivalent  of  AI2O3  and 
for  CaO  its  equivalent  of  MgO  and  then  recalculating  to  100  per  cent. 


^  By  Joseph  Hyde  Pratt 
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Theoretical  chemical  composition  of  rhodolite. 

AnAivAiR  Theory  for 

SIO,     41.76  41.48 

AlA    24.41  23.50 

FeO     15.62  16.59 

MgO    18.21  18.43 


100.00  100.00 

Although  the  agreement  of  the  analysis,  as  deduced,  and  the  theory  is 
not  absolutely  exact,  yet  it  must  be  regarded  as  satisfactory,  and  the 
formula  2Mg5Al2(Si04)8.Fe8Al2(Si04)8  may  be  accepted  for  this  min- 
eral. 

The  name  rhodolite  has  been  given  to  this  garnet  from  the  resem- 
blance of  its  color  to  that  of  certain  roses  and  rhododendrons. 

29.  Almandite. 

This  garnet,  which  is  also  known  as  precious  garnet,  is  of  a  deep  rich  red 
to  pink  color  and  its  composition  is  represented  by  the  formula  Fe,AIs(Si04)3, 
where  part  of  the  alumina  is  replaced  by  ferric  oxide  and  part  of  the  ferrous 
oxide  by  magnesia. 

It  has  been  found  abundantly  at  many  of  the  corundum  localities, 
especially  those  where  the  corundum  occurs  in  gneiss  and  schist;  as  on 
Scaly  Mountain,  Clay  County,  N.  C. 

SO.  Andradite. 

Andradite,  common  or  black  garnet,  is  occasionally  found  with  the 
corundum  in  the  mica-schist  and  some  has  been  observed  with  the  corun- 
dum in  the  peridotite  at  the  Bad  Creek  mine.  The  composition  of  this 
garnet  is  Ca3Fe2(Si04)8,  where  alumina  replaces  a  portion  of  the  ferric 
oxide  and  magnesia  replaces  part  of  the  lime. 

SI.  Chrysolite  (olivine). 

Chrysolite  crystallizes  in  the  orthorhombic  system,  but  distinct  crystals  are 
not  common  in  association  with  corundum.  The  color  includes  nearly  all 
the  shades  from  light  brownish  yellow  to  a  dark  green.  The  freshest  speci- 
mens are  an  olive-green  to  yellowish  green,  and  are  transparent.  The 
yellowish  brown  and  red  colors  observed  are  due  to  the  oxidation  of  the  iron 
in  the  mineral.  Chemically,  chrysolite  is  a  magnesium  iron  orthosilicate 
(MgFe)2Si04,  in  which  the  ratio  Mg  :  Fe  varies  widely,  usually  between  the 
limits  9Mg  :  IFe  to  2Mg  :  IFe. 
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It  has  been  found  directly  surrounding  corundum  only  at  the  Hayes 
mine,  in  Yancey  County,  and  this  occurrence  is  described  on  page  269. 
As  a  constituent  of  the  peridotite  rocks,  chrysolite  is  an  associated  min- 
eral of  corundum  at  nearly  all  the  corundum  localities. 

The  chrysolite  is  in  imbedded  irregular  and  angular  grains  that  are 
about  the  size  of  a  grain  of  wheat.  Sometimes  the  grains  are  much 
coarser,  and  occasionally  large  grains  are  scattered  through  the  mass  of 
finer  grains.  Most  remarkable  instances  of  this  kind  have  been  observed 
in  the  harzburgite  near  Balsam  Gap,  Jackson  County,  and  on  South  Toe 
River,  Yancey  County  (Anal.  Ill,  below),  where  individual  grains  some- 
times attain  a  diameter  of  5  or  6  inches,  with  cleavages  distinctly  devel- 
oped. Under  the  microscope  many  of  the  smaller  grains  are  seen  to  have 
a  distinct  cleavage  parallel  to  the  brachjrpinacoid ;  also,  more  rarely,  a 
basal  cleavage. 

Analyses  have  been  made  of  specimens  of  chrysolite  from  the  follow- 
ing localities:  The  Corundum  Hill  mine  (I),"  the  Webster  peridotite 
area  (II),*  and  the  peridotite  area  6  miles  south  of  the  forks  of  Toe 
River,  Yancey  County  (Til).**  This  last  variety  has  been  described  on 
page  56. 

Analyses  of  crysolite  from  Macont  Jackson^  and  Yancey 

Counties, 

I.  II.  III. 

SIO,    41.58  41.89  40.31 

AljO,    0.14  Trace.  

FeO    7.49                7.39  9.58 

MnO     0.19 

NiO  (Tr.  Co  ft  Mn)    0.34  0.35 

MgO     49.28  49.13  49.26 

CaO    0.11  0.06  

Loss  on  ignition,  H,0 1.72                0.82  1.09 

CFjO,,  etc 0.58  


100.66  100.22  100.43 

The  above  analyses  approximate  very  closely  to  a  chrysolite  where  the 
ratio  of  Mg:Fe  is  9:1,  of  which  the  theoretical  composition  would  be 
SiO.  =  41.0,  MgO  =  49.2,  FeO  =  9.8. 

Chrysolite  is  a  mineral  that  suffers  alteration  very  readily,  often 
through  the  oxidation  of  the  iron,  the  mineral  becoming  brownish  or 

"T.  M.  Chatard,  Am.  Phil.  Soc.  Vol.  XIII,  1873.  p.  362. 
» Ibid.,  p.  362,  and  Am.  J.  Sci.,  Vol.  XXXIII,  1861,  p.  202. 
**  By  Joseph  Hyde  Pratt. 
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reddish  brown  and  sometimes  becoming  entirely  altered  to  limonite  or 
an  ocherous  clay;  also,  by  hydration,  it  alters  to  serpentine,  the  iron 
being  removed  in  the  form  of  grains  or  seams  of  magnetite  or  hematite. 
For  a  more  detailed  description  of  these  and  other  modes  of  the  alteration 
of  chrysolite  see  *^  Alteration  of  the  peridotites  ^^  (Chap.  IV). 

Sla,  Villarsite, — It  is  not  improbable  that  in  the  alteration  of  the 
chrysolite  villarsite  is  fonned,  this  being  an  altered  chrysolite  described 
from  Traversella,  France.  An  analysis  of  an  altered  chrysolite  by 
Prof.  C.  U.  Shepard  "  led  him  to  place  it  under  the  head  of  villarsite. 
The  result  of  the  analysis  was  as  follows : 

Analysis  of  villarsite  from  Macon,  Jackson,  or  Yancey 

County, 

SiO,    41.49 

FeO    8.63 

MgO    44.00 

H,0     5.69 

The  best  specimens  of  chrysolite  that  have  been  found  in  North  Caro- 
lina that  show  the  largest,  most  transparent  and  best  olive-green  grains 
are  from  Webster  and  Balsam,  Jackson  County,  and  Mine  Fork,  Yan- 
cey County. 

S£.  Meionite  (Parwnthite) . 

In  Clay  County,  at  the  No.  2  mine  of  the  Hiawassee  Corundum  Com- 
pany, rounded  masses,  each  a  few  ounces  in  weight,  of  a  bluish  gray 
mineral  were  found  in  a  pocket  that  was  near  the  center  of  a  6  foot 
corundum  vein.  This  vein,  composed  of  partially  decomposed  albite, 
chlorite,  and  vermiculite,  with  disseminated  grains  and  crystals  of  corun- 
dum, lies  between  peridotite  and  hornblende-gneiss.  Only  this  one 
pocket  of  the  mineral  has  been  found,  and  it  was  discovered  by  C.  G. 
Memminger. 

The  mineral  is  in  rounded  crystalline  lumps,  and  has  a  specific  gravity 
of  2.75  and  a  hardness  of  5.5.  Chemically,  it  is  a  calcium-aluminum 
silicate,  with  a  little  soda  and  water,  and  has  been  analyzed  by  Mr.  W.  N. 
Berkely,"  with  the  following  results : 

Analysis  of  meionite  from  Clay  County. 

Ratio. 

SiO,    47.54  .792 

AljO,    34.03  .337 

CaO    17.23  .307 

Na,0     1.82  .029 

H,0     1.02  .056 


[.336 


101.64 

"Am.  J.  Scl.,  3d  ser..  Vol.  IV,  1872,  p.  112. 
»  Am.  Chem.  Jour.,  Vol.  XIV,  1892,  p.  628. 
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Mr.  Berkely  places  this  mineral  under  the  scapolite  group  and  states 
that  as  it  does  not  contain  any  chlorine  it  must  therefore  be  near  the 
meionite  end.  These  intermediate  minerals  between  meionite  and  wer- 
nerite  were  formerly  called  parenthine  or  parenthite. 

There  is  a  large  excess  of  silica  in  the  above  analysis,  which  may  be 
accounted  for  by  the  meionite  having  suffered  some  alteration,  and  some 
mica  having  been  formed. 

This  occurrence  of  a  mineral  of  this  type  in  association  with  corundum 
is  the  only  one  recorded.  At  the  corundum  localities  in  Clay  County, 
more  or  less  plagioclase  feldspar  has  been  found,  and,  as  is  well  known, 
the  scapolite  minerals  are  often  formed  by  the  alteration  of  these  feldspars. 
It  is  not,  then,  unreasonable  to  consider  this  mineral  as  the  result  of  the 
alteration  of  the  plagioclase  feldspar  that  is  found  in  the  vein. 

The  exact  location  of  this  mine  of  the  Hiawassee  Corundum  Company 
is  not  known,  but  it  is  supposed  that  it  was  near  Elf,  Clay  County,  N.  C. 

SS.  Sillimanite  or  Fibrolite. 

This  mineral  crystallizes  in  the  orthorhombic  system  and  is  usually  in  long, 
slender  crystals  without  distinct  terminations;  that  associated  with  the 
corundum  is  generally  fibrous  or  fine  columnar  and  sometimes  radiated.  In 
color  it  is  grayish  white  to  pale  brown.  It  has  a  perfect  cleavage  parallel 
to  the  brachypinacoid  and  a  hardness  of  6  to  7.  Its  chemical  formula  is 
Al,SiO,  or  (A10)AlSi04  (Groth). 

Sillimanite,  which  has  for  a  long  time  been  known  to  accompany 
corundum,  has  been  identified  at  but  few  places  in  North  Carolina.  The 
most  noted  occurrence  in  the  United  States  is  near  Norwich,  Connecti- 
cut, where  small  crystals  of  blue  corundum  are  completely  surrounded 
by  sillimanite. 

Dr.  Genth**  has  considered  the  fibrolite  to  be  an  alteration  product 
of  corundum  and  in  some  cases  this  is  evidently  true,  as  those  described 
by  him  from  Mineral  Hill,  Delaware  County,  Pennsylvania.  At  this 
place  the  corundum  crystals,  which  are  rough  hexagonal  prisms  tapering 
at  both  ends,  exhibit  alteration  from  those  where  it  has  just  begun,  to 
some  that  still  have  a  core  of  corundum  remaining  and  others  where 
there  is  not  a  trace,  and  true  fibrolite  pseudomorphs  after  corundum 
are  left.  Also  those  from  near  Laurens,  South  Carolina,  which  show 
hexagonal  prisms  of  fibrolite  on  the  exterior,  but  a  core  of  corundum  on 
the  interior.  At  Shoup^s  Ford,  in  Burke  County,  North  Carolina, 
fibrolite  has  been  found  that  envelops  crystals  of  corundum. 

••Am.  Phil.  Soc.  Vol.  XIII.  1878.  p.  878. 
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It  is  very  probable  that  much  of  the  fibrolite  found  associated  with 
the  corundum  in  mica-schists  and  related  crystalline  rocks  is  a  primary 
mineral  with  the  corundum,  and  was  formed  during  the  metamorphism 
of  these  rocks. 

5-4.  Cyanite  (or  disthene). 

Cyanite  has  the  same  chemical  composition,  AljSiOs,  as  sillimanite,  but 
crystallizes  in  the  triclinic  system  and  is  commonly  found  in  long,  bladed 
crystals  that  are  rarely  terminated.  The  cleavage  parallel  to  the  macro- 
pinacoid  (the  widest  face  of  the  bladed  crystals)  is  very  perfect,  while  that 
parallel  to  the  brachyplnacoid  is  but  little  less  perfect.  Its  hardness  is  5  to  7, 
being  readily  scratched  by  steel  in  the  direction  parallel  to  the  cleavage,  but 
harder  than  steel  at  right  angles  to  this.  The  color  is  usually  blue,  but  at 
times  is  white,  gray,  light  green  to  a  deep  grass-green. 

Cyanite  is  a  very  common  associate  of  corundum,  the  occurrences 
being  very  widespread,  and  while  in  some  instances  it  may  be  the  result 
of  the  alteration  of  corundum,  it  is,  when  found  in  gneisses  and  schists, 
more  probably  a  primary  mineral  formed  with  the  corundum. 

At  the  Acme  mine,  near  Statesville,  Iredell  County,  pink  corundum 
is  found  with  an  almost  pure  white,  bladed  cyanite.  These  are  at  times 
so  blended  that  it  is  difficult  to  determine  exactly  where  the  corundum 
ends  and  the  cyanite  begins.  The  corundum  is  not  in  distinct  crystals 
and  is  often  in  position  parallel  with  the  cyanite,  which  has  all  the 
appearance  of  being  an  alteration  product  of  it. 

In  Transylvania  County,  on  the  West  Fork  of  French  Broad  River, 
near  the  mouth  of  Owens  Creek,  crystals  and  grains  of  blue  corundum 
have  been  found  in  boulders  composed  almost  entirely  of  light  green 
cyanite.  At  Coweeta,  Macon  County,  pink  corundum  has  been  found  in 
a  mass  of  greenish  cyanite. 

35.  Zoisite. 

This  mineral'  crystallizes  in  the  orthorhombic  system,  but  distinctly  termi- 
nated crystals  are  extremely  rare.  The  mineral  is  usually  in  prismatic 
crystals  or  crystalline  masses,  that  are  deeply  striated  or  furrowed  vertically. 
It  is  also  sometimes  columnar.  The  cleavage  parallel  to  the  brachyplnacoid 
is  perfect  and  it  is  5  to  6.5  in  hardness.  It  varies  in  color  from  white,  grayish 
white,  gray,  yellowish  brown,  and  apple-green  to  rose-red.  The  common  color 
of  that  found  associated  with  the  corundum  is  white  to  grayish  white,  rarely 
greenish  white. 

Chemically  zoisite  is  a  basic  calcium  aluminum  silicate  having  the  formula 
HCaoAlsSijO,,  or  CaaAljCAlOH)  (SiOJ,  (Groth).  Ferric  oxide  sometimes  re- 
places a  part  of  the  alumina  and  thus  it  graduates  toward  epidote,  which  has 
the  same  general  composition  but  is  monoclinic. 

Although  this  mineral  is  not  a  common  associate  of  corundum,  there 
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are  two  localities  where  it  is  remarkably  developed,  at  the  Buck  Creek 
mine  and  at  Hogsed's,  Shooting  Creek,  Clay  County.  At  the  latter  place 
it  is  more  coarsely  columnar  and  in  larger  pieces  and  is  often  of  an  almost 
pure  white  color.  At  the  former  locality  the  zoisite  is  usually  in  rough, 
prismatic  crystals  and  crystalline  masses  of  a  grayish  white  to  white  and 
greenish  white  color.  It  is  intimately  associated  with  corundum.  At 
some  places  the  corundum  is  imbedded  in  it  and  at  others  intricate  masses 
of  corundum,  zoisite  and  margarite  occur.  It  is  also  at  times  intimately 
associated  with  a  plagioclase  feldspar  and  has  the  appearance  of  having 
been  derived  from  it.  It  may  be  that  all  the  zoisite  found  associated 
with  the  feldspar  and  corundum  is  the  result  of  the  alteration  of  the 
feldspar. 

A  greenish  white  crystalline  zoisite  and  a  white  to  grayish  white  col- 
umnar zoisite  from  the  Buck  Creek  mine  have  been  analyzed,  the  former 
(I)  by  Mr.  G.  A.  Koenig"  and  the  latter  (IT)  by  Dr.  F.  A.  Genth." 
The  results  of  the  analyses  are  as  follows : 

Analyses  of  zoisite  from  Buck  Creek  mine,  Clay  County. 

I.  II. 

SIO2     40.70  39.86 

AlA    33.86  33.84 

Fe,0,     0.81  1.62 

MnO    Trace.  Trace. 

MgO    0.22  0.18 

CaO    24.05  23.82 

Na^O    (trace  of  L.I2O)    0.22 

K2O    0.09 

Loss  on  ignition  (H,0)   0.63  0.78 

100.27  100.41 

Specific  gravity  3.286  3.224 

36.  Epidote. 

In  chemical  composition,  epidote  is  very  similar  to  zoisite,  the  latter 
graduating  into  it  by  the  replacement  of  its  alumina  with  ferric  oxide,  but  it 
crystallizes  in  the  monoclinic  system,  with  its  crystals  usually  prismatic. 
The  cleavage  parallel  to  the  base  is  perfect  and  its  hardness  is  6  to  7.  The 
color  peculiar  to  this  mineral  is  a  pistachio-green,  but  it  is  also  yellowish 
and  brownish  green  to  black;  also  gray.  The  general  formula  for  epidote 
is  HCaj(AlFe)jSi,Ou,  the  ratio  of  alumina  to  ferric  oxide  varying  usually 
from  6  :  1  to  3  :  2. 

«Am.  Phil.  Soc,  Vol.  XIII,  1878,  p.  873. 
» Ibid. 
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It  has  been  foiind  only  at  two  of  the  corundum  mines.  At  the  Bad 
Creek  mine,  Sapphire,  Jackson  County,  small,  slender  green  crystals  of 
epidote  occur  with  the  amphibole,  and  at  the  Buck  Creek  mine.  Clay 
County,  in  slender  prismatic  crystals,  associated  with  tourmaline. 

57.  Tourmaline. 

Tourmaline  crystallizes  in  the  rhombohedral  division  of  the  hexagonal 
system,  and  the  crystals  are  usually  prismatic,  often  slender  to  acicular.  The 
prismatic  faces  are  often  striated  vertically,  which  makes  them  rounded  or 
harrel  shaped.  As  the  prism,  m,  (1010)  frequently  predominates,  the  crystals 
have  a  decided  triangular  appearance.  This  is  very  apparent  when  a  cross- 
section  of  the  crystal  is  seen.  They  are  brittle  and  often  friable  and  have 
little  or  no  cleavage.  By  these  last  three  characteristics  tourmaline  can 
readily  be  distinguished  from  black  hornblende,  which  it  sometimes  resembles. 
Its  hardness  is  7  to  7.5.  Tourmaline  has  been  found  in  nearly  all  colors — 
black,  brown,  green,  blue,  red,  pink,  and  white.  Only  black  tourmaline  has 
thus  far  been  found  associated  with  the  corundum. 

Chemically  it  is  a  borosilicate  principally  of  aluminum,  iron,  magnesium^ 
some  of  the  alkalies,  hydrogen,  and  fluorine. 

At  the  Corundum  Hill  mine,  near  what  is  called  the  Zeb  Jones  vein^ 
black  tourmaline  has  been  found  abundantly  associated  with  corundum. 
The  crystals  were  all  well  developed  in  the  prismatic  zone  and  rarely 
some  showed  partial  pyramidal  terminations.  They  varied  from  slen- 
der, acicular  ones  to  some  that  were  5  mm.  in  diameter.  The  tourma- 
line occurs  in  masses  of  quartz  and  muscovite  that  carry  some  corun- 
dum. At  times  there  is  a  mass  of  acicular  crystals  of  the  tourmaline 
through  which  there  is  scattered  a  little  quartz  and  rarely  a  white  to 
yellowish  corundum. 

Dr.  Genth  "  describes  two  specimens  of  tourmaline  from  this  locality,, 
which  he  considers  as  alteration  products  of  corundum.  One  of  these 
is  a  small  piece  of  a  columnar  crystal  of  tourmaline,  the  upper  portion 
of  which  is  corundum,  the  latter  penetrating  into  a  portion  of  the  tour- 
maline. The  tourmaline  frequently  contains  a  nucleus  of  corundum. 
The  second  specimen  he  mentions  as  a  pseudomorph  of  tourmaline  after 
corundum. 

It  is  part  of  a  crystal  of  reddish  gray  corundum  a  little  over  2  inches  in 
height  and  about  2  inches  in  thickness.  It  shows  three  planes  of  the  hexa- 
gonal prism  and  portions  of  one  pyramidal  plane.  At  the  upper  part  of  thia 
crystal,  almost  the  entire  corundum  has  been  altered  into  black  tourmaline,, 
leaving  only  a  shell  of  corundum  of  about  one-eighth  to  one-quarter  inch;  at 
its  lower  part  the  corundum,  although  intermixed  with  tourmaline,  is  still 

"Am.  Pbll.  Soc,  Vol.  XIII.  1873,  p.  377. 
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about  one  inch  in  thickness.     Plates  of  green  chlorite  penetrate  both  the 
corundum  and  the  tourmaline. 

It  is  found  in  small  quantity  at  the  Buck  Creek  mine,  Clay  County, 
and  the  Sapphire  mine,  Jackson  County.  At  Belts  Bridge,  Iredell 
County,  star-like  clusters  of  black  tourmaline  crystals  occur  on  nodules 
of  corundum,  that  are  surrounded  by  chlorite,  the  tourmaline  lying 
directly  on  the  corundum. 

38.  StauroUte. 

The  crystals  of  staurolite  belong  to  the  orthorhombic  system  and  are  com- 
monly prismatic  in  habit.  Penetration  twins  are  very  abundant,  the  common 
twinning  plane  being  the  brachydome,  x  (032);  the  prisms  crossing  each 
other  at  nearly  90**.  The  cleavage  parallel  to  the  brachypinacoid  is  distinct 
but  somewhat  interrupted. 

This  mineral  is  rather  brittle  and  has  a  hardness  of  7  to  7.5.  Its  luster  is 
vitreous  but  inclined  to  resinous,  and  in  color  is  dark  reddish  brown  to 
brownish  black  and  yellowish  brown.  Most  staurolite  is  translucent  to 
opaque,  but  some  has  been  found  that  is  perfectly  transparent  and  of  gem 
quality. 

The  formula  representing  the  chemical  composition  of  staurolite  is 
HFeAlftSiA.  or  Fe(A10)4(A10H)  (SiO*),,  In  which  some  of  the  alumina  is 
replaced  by  ferric  oxide  and  some  of  the  ferrous  oxide  by  magnesia.  Most 
staurolite  crystals  are  impure  from  mechanical  admixtures,  especially  of 
quartz,  while  garnet,  cyanite,  magnetite,  and  mica  have  sometimes  been 
observed. 

This  mineral  has  been  found  sparingly  at  a  few  of  the  corundum 
localities  and  is  usually  in  small  grains  or  particles  that  show  no  crys- 
talline form.  At  the  Corundum  Hill  mine  a  few  minute  brown  grains 
of  irregular  shape  and  sub-vitreous  luster  were  found.  Perfectly  trans- 
parent staurolite  of  a  rich  pyrope-garnet  red  color  is  found  associated 
with  the  rubies  in  the  gravels  of  Caler  Fork  of  Cowee  Creek  Valley. 
Perhaps  the  most  interesting  occurrence  of  this  mineral  with  corundum 
is  that  found  on  Mr.  D.  M.  Hampton's  land  near  Daybook,  Yancey 
County,  North  Carolina.  The  staurolite  occurs  in  crystalline  aggregates, 
but  more  generally  as  an  intimate  associate  with  magnetite,  menaccanite, 
and  corundum.  There  is  also  considerable  chlorite  developed  between 
the  grains  of  these  minerals.  As  a  constituent  of  this  aggregate,  the 
staurolite  is  in  very  small  transparent  grains  of  a  red  brown  color  (see 
p.  259). 

That  from  Corundum  Hill  has  been  analyzed  by  Dr.  Genth"  (I),  and 
that  from  the  Hampton  place  by  Dr.  Pratt*  (II  and  III),  with  the  fol- 
lowing results: 

»Am.  Phil.  Soc.,  Vol.  XIII,  1873,  p.  881. 

»Am.  J.  Soc,  4th  ser.,  Vol.  XLVII,  1894.  p.  85. 
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Analyses  of  ataurolite  from  Macon  and  Yancey  Counties, 

I.                 II.  III. 

SiO 27.91              27.80  27.65 

AlA    52.92              53.09  53.30 

Fe,0,    6.87                4.81  4.81 

FeO    7.80                9.70  9.68 

MnO     Trace.               .27  .38 

MgO   3.28                2.64  2.65 

H,0     1.59                1.99  1.96 


100.37  100.30  100.43 

THE   ZEOLITES. 

39.  Wellsite,  a  new  mineral,^ 

Occurrence. — This  mineral  occurs  at  the  Buck  Creek  (Cullakeenee) 
corundum  mine  in  Clay  County,  and  has  been  found  in  but  one  of  the 
numerous  veins  of  this  mine.  The  vein  in  which  the  mineral  is  found 
is  composed  chiefly  of  a  plagioclase  feldspar  and  hornblende. 

The  mineral  is  found  in  isolated  crystals,  mostly  attached  to  the  feld- 
spar but  also  to  hornblende  and  corundum,  and  is  intimately  associated 
with  chabazite  (see  p.  309),  which  occurs  in  small,  transparent  rhom- 
bohedrons.  The  largest  crystals  that  were  observed  were  not  over 
1  mm.  in  diameter  and  2  mm.  in  length. 

Crystalline  form. — ^The  crystals  belong  to  the  monoclinic  system  and 
they  are  twinned  similarly  to  those  of  harmotome  and  phillipsite.  The 
common  habit  is  shown  in  fig.  1,  which  represents  a  combination  of 
twinning  about  c  (001)  and  e  (Oil).  The  crystals  are  practically  square 
prisms,  terminated  by  pyramidal  faces,  and  thus  imitating  closely  a 
simple  combination  of  a  prism  of  one  order  and  a  pyramid  of  the  other 
in  the  tetragonal  system.  The  apparent  prismatic  faces  are  formed 
for  the  most  part  by  the  pinacoid  faces,  h,  but  the  crystals  interpene- 
trate each  other  somewhat  irregularly  so  that  portions  of  the  base 
c  (001)  coincide  with  6  (see  fig.  29).  The  lines  of  twinning  on  the 
pinacoid  faces  between  h  and  6  twinned  are  generally  regular,  while 
those  between  &  and  c  and  also  those  which  cross  the  prism  faces  m  (110) 
(the  apparent  pyramid)  are  generally  very  irregular.  The  h  faces  do 
not  show  striations  parallel  to  the  edges  6  and  m,  which,  meeting  along 
the  twinning  lines,  often  reveal  the  complex  nature  of  such  crystals; 
nor  were  any  reentrant  angles  observed  parallel  to  the  edges  of  the 
apparent  prism  such  as  are  common  in  phillipsite  and  harmotome. 

»  Am.  Jour.  Sci.,  4th  ser.,  Vol.  Ill,  1897,  p.  448,  and  Ellsha  Mitchell  Scl.  Soc,  Vol. 
XIV,  Pt.  II,  1898,  p.  62. 
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Fig.  30  represents  another  habit  of  the  crystals  where  m  (110)  is 
wanting  and  a  (100)  is  in  combination  with  h  (010).  The  method  of 
twinning  is  similar  to  that  already  described,  but  the  crystals  being 
terminated  by  a  (100)  instead  of  m  (110)  show  prominent  reentrant 
angles  at  their  ends.  These  crystals  are  very  similar  to  those  of  har- 
motome  from  Bowling,  near  Dumbarton  on  the  Clyde,  described  by 
Lacroix. 

The  only  forms  that  were  observed  were  a  (100),  6  (010),  c  (001) 
and  m  (110),  with  e  (Oil)  only  as  twinning  plane.  The  faces  of  the 
crystals  are  somewhat  rounded  and  vicinal,  so  that  the  reflections  were 
not  perfect.  The  angle  of  the  apparent  prism  bAb  twinned  is  approxi- 
mately 90®.  Also  the  angle  mAm  over  the  twinning  plane  (Oil)  could 
be  measured  only  approximately,  varying  from  0®  49'  to  1**  25'.     The 


Fxo.  29. — Crystals  of  wellsite  from 
liuck  Creek,  Clay  Coanty,  N.  C. 


Fio.  30. — Crystals  of  wellsite  from 
Buck  Creek,  Clay  County,  N.  C. 


appropriate  angles  are  given  below,  and  from  those  marked  with  an  aster- 
isk the  following  axial  ratio  was  calculated: 


i:b:c:      .768: 1: 1.245:/?  =  53°  27' =  001  A  100. 

Measured. 

bAb,  OIOAOIO  *90**  (over  twinning  plane) 

aAa,  lOOAlOO  *73*'  6'  (over  twinning  plane) 

bAm,010AllO  *58My 

cAa,    OOIAIOO  53°2r=i8 

cAm,  OOlAllO  60%  59°  45',  59°  57' 


Calculated. 


59°  33' 


Physical  properties, — The  cr}^stals  are  brittle  and  show  no  apparent 

cleavage.     The  luster  is  vitreous.     Many  of  the  crystals  are  colorless 

and  transparent  while  others  are  white.     The  hardness  is  between  4 

and  4.5.     The  specific  gravity  taken  on  a  number  of  separate  crystals 
20 
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by  means  of  the  heavy  solution,  varied  between  2.278  and  2.36.  This 
variation  was  probably  due  to  the  difference  in  the  ratio  of  the  barium 
to  the  calciimi  in  the  different  crystals. 

A  section  parallel  to  the  pinacoid  faces  b  (010),  the  apparent  prism, 
revealed  in  polarized  light  the  structure  shown  in  fig.  31.  The  parts 
I  and  I  extinguish  simultaneously,  as  also  II  and  II,  while  portions  III, 
which  are  parallel  to  the  basal  plane,  show  parallel  extinction.  The 
section  showed  something  like  zonal  structure,  so  that  the  extinction 
could  be  measured  only  approximately.  By  using  the  Bertrand  ocular, 
this  was  found  to  be  33**  from  one  pinacoid  on  to  the  other  over  the 


Fig.  81. — Pinacoldal  section  of  wellslte  seen  in  polarized  light. 

• 

twinning  plane.  The  axis  a  makes  an  angle  of  52**  with  the  vertical 
axis  c  in  the  obtuse  angle. 

The  double  refraction  is  positive  and  weak.  The  acute  bisectrix  c 
is  at  right  angles  to  the  pinacoid  010,  and  the  divergence  of  the  optical 
axes  is  large.  2E  probably  varies  from  120**  to  130**,  but  this  could 
not  be  measured  directly. 

Chemical  analysis. — ^The  mineral  was  purified  for  analysis  by  means 
of  the  heavy  solution  and  that  which  was  used  varied  in  specific  gravity 
from  2.278  to  2.360. 

The  analyses  were  made  by  Dr.  H.  W.  Foote,"  with  the  following 
results : 


"  Dr.  H.  W.  Foote,  of  the  ShefBeld  Laboratory,  Yale  Univ. 
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Analyses  of  welUite  from  Buck  Creek  mine,  Clay  County. 


T. 
SiOa     43.62 

A1,0,     25.04 

BaO     5.00 

SrO    1.12 

CaO     5.76 

MgO    0.61 

K,0    

Na,0    

H,0    13.32 


II. 
44.11 

24.89 
5.15 
1.18 
5.84 
0.62 
3.40 
1.80 

13.39 


Averagre. 
43.86 

24.96 
5.07 
1.15 
5.80 
0.62 
3.40 
1.80 

13.35 


Ratio. 
.731  =  3.00 

.244  =  1.00 

.033^ 

.011 

.104 

.015 

.036 

.029 

.742  =  3.04 


k228  =  .93 


100.01 


The  ratio  of  SiOa  :  AlaOg  :  RO  :  HjO  is  very  close  to  3  :  1  :  1  :  3, 
which  gives  the  formula  R"Al2Si80io.3H20.  The  ratio  of  BaO  :  CaO  : 
KjO  +  NajO  in  the  above  analysis  is  nearly  1  :  3  :  2,  and  the  theoretical 
composition  calculated  for  this  ratio  is  given  below,  together  with  the 
analysis  after  substituting  for  NajO  its  equivalent  of  KjO  and  for  MgO 
and  SrO  their  equivalents  respectively  of  CaO  and  BaO  and  then  re- 
calculating to  100  per  cent. 

Theoretical  composition  of  wellsite. 

Theory  for  R'' A  1,81,0,0. 8H,0  where  R  Is  l/7Ba,  8/7Ca,  8/7K. 

SlOa     43.12  42.87 

A1,0,    24.54  24.27 

BaO     6.65  6.62 

CaO    6.59  7.27 

K,0    5.98  6.10 

HaO    13.12  12.87 


100.00  100.00 

Experiments  were  made  to  determine  at  what  temperature  the  water 
was  driven  off,  and  the  results  are  given  in  the  following  table,  the 
mineral  being  heated  in  each  case  until  the  weight  became  constant. 
The  last  trace  of  water  could  be  driven  off  only  by  heating  the  mineral 
over  the  blast  lamp. 

Water  loss  of  wellsite  at  specified  temperatures. 

Lobs. 
At  100*  C Nothing. 

125    "     1.93 1 

175    "     1.48  [  4.33 

200    "     0.92  j 

260    "     2.45^ 

295    "     1.24  /  ^'^^ 

Red  heat  4.96  ^ 

Over  blast  lamp  0.33  J  ^'^^ 

Total  13.31 
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As  is  seen  from  the  above,  about  one-third  of  the  water,  or  one 
molecule,  is  given  off  between  100**  and  200**,  another  third  approxi* 
mately  between  200**  and  300**,  while  the  remainder  is  expelled  only  at 
an  intense  heat.  This  would  indicate  that  the  water  exists  in  three 
different  conditions  in  the  molecule.  If  only  that  which  is  expelled 
below  200**  be  regarded  as  water  of  crystallization,  the  composition 
would  be  H4E"Al2Si,0i2  +  H^O. 

This  mineral  is  closely  related  to  the  phillipsite  group  of  the  zeolites, 
and  this  relation  is  very  satisfactorily  brought  out  by  a  comparison  of 
the  crystallographic  properties  and  chemical  composition.  They  have 
all  very  nearly  the  same  axial  ratios. 

Axial  ratios  of  zeolites, 

a  :  b:  '      c 

Wellsite     768         :1:  1.245      )5  =  53°  27' 

Phillipsite     .- 70949     :1:  1.2563    )5  =  55    37 

Harmotome    70315     :1:  1.2310    )5  =  55    10 

Stilbite    76227     :1:  1.19401  )5  =  60    49% 

In  their  habit  and  methods  of  twinning,  they  are  also  very  similar,  all 
the  crystals  being  uniformly  penetration  twins.  This  is  especially 
noticeable  between  the  new  mineral  and  phillipsite  and  harmotome, 
which  are  common  as  double  twins  with  c  (001)  and  e  (Oil)  as  twin- 
ning planes. 

The  place  of  the  mineral  in  the  phillipsite  group  is  clearly  shown  by 
a  comparison  of  chemical  compositions.  Arranged  in  order  of  their 
proportions  of  silica  and  water  to  the  bases,  we  have  the  following  in- 
teresting series,  in  which  K  represents  the  bivalent  elements: 

Wellsite RAl,Si  Ao  •  3HtO 

Phillipsite  RAl.SiA, .  4%H,0 

Harmotome RAUSlaO^ .  5H,0 

Stilbite RAl,Si,0„ .  6HaO 

The  ratio  of  EO :  AljOg  is  constant,  1 : 1,  in  the  series  while  the  pro- 
portion of  silica  and  water  have  a  constant  ratio,  1 : 1,  between  them- 
selves, except  in  the  case  of  phillipsite.  As  there  is,  however,  consid- 
erable variation  in  the  analyses  of  phillipsite,  it  is  not  improbable  that 
the  ratio  of  SiO, :  HjO,  given  as  4 :  4ri,  should  be  in  some  cases  at  least 
4 : 4.  The  minerals  then  form  a  gradual  series,  increasing  in  the  pro- 
portions  of  SiOa  and  HoO  from  wellsite  to  stilbite. 

Fresenius"  has  shown  that  this  group  of  minerals  may  be  regarded 

» Zs.  Kr..  Vol.  Ill,  1878,  p.  42. 
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as  a  series  in  which  the  ratio  of  EO  :  AljOg  is  constant,  1  : 1,  while  the 
silica  and  water  vary  between  certain  limits.  He  has  assumed  as  these 
two  limits: 

RAljSI.Oie  +  6HjO  and 
R,Al,Si40je  +  6H,0 

The  first  would  be  a  hydrated  calcium  albite  and  the  last  a  hydrated 
anorthite.  From  a  comparison  of  the  wellsite-stilbite  series,  it  seems 
more  probable  that  the  anorthite  end  would  be  EAljSijOg  +  ^H^O,  or 
doubling  this  for  better  comparison  with  the  formula  of  Fresenius, 
EjAl^Si.Oie  +  4HjO. 

It  is  not  unreasonable  to  expect  that  the  first  or  anorthite  member 
of  this  series  may  be  found  in  nature  and  the  completed  series  would 
then  be: 

Anorthite  limit RAlaSi,Oa  -f  2H5O  (not  yet  identified) 

Wellsite RAUSi.Oxo  +  3HaO 

Phillipsite RAl^Si^Otf  +  4%HaO  (perhaps  4H,0) 

Harmotome  RAljSisOi*  +  5H,0 

Stllbite RAl,S1.0,e  +  6H,0 

It  is  also  interesting  to  note  that  the  formula  of  the  new  mineral  wellsite 
is  the  same  as  that  assigned  to  adingtonite  "  but  the  latter  is  essentially 
a  barium  mineral  and  being  tetragonal  shows  no  crystallographic  rela- 
tions to  wellsite. 

Pyrognostics, — When  heated  before  the  blowpipe,  the  mineral  ex- 
foliates slightly  and  fuses  at  2.5-3  to  a  white  bead,  coloring  the  flame 
slightly  yellow.  In  the  closed  tube  water  is  given  off  at  a  low  tem- 
perature. It  is  very  readily  decomposed  by  hot  hydrochloric  acid  with 
the  separation  of  silica,  but  without  gelatinization.  When  the  water  in 
the  mineral  is  driven  off  below  265®  C,  it  is  nearly  all  regained  on  ex- 
posing the  mineral  to  the  air.  If  the  water,  however,  is  driven  off  at  a 
red  heat,  none  is  regained  by  the  mineral. 

Name. — The  name  wellsite  was  given  to  this  mineral  in  honor  of 
Prof.  H.  L.  Wells,  of  the  Sheffield  Scientific  School,  Yale  University. 

iO.  Chabazitef* 

As  described  on  page  304,  this  mineral  is  intimately  associated  with 
the  wellsite  at  the  Buck  Creek  (Cullakeenee)  corundum  mine  in  Clay 
County,  occurring  as  a  mass  of  small  crystals  coating  the  feldspar, 

«  Dana  Mineralogy,  6th  edition,  1902. 

^  Elisha  Mitchell  Scl.  Soc,  Vol.  XIV,  Pt.  II,  1898,  p.  70. 
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hornblende,  and  corundum.  Thus  far  this  mineral  has  been  found  only 
at  the  large  open  cut  on  the  east  side  of  Buck  Creek,  just  northwest  of 
the  shaft. 

The  crystals  are  transparent  to  white  and  very  small,  no  crystals 
being  found  that  measured  over  one  millimeter  in  diameter. 

The  only  form  observed  on  any  of  these  crystals  was  the  unit  rhom- 
bohedron,  1011,  which  occurs  as  simple  crystals  and  also  as  penetration- 
twins,  with  c  as  the  twinning  axis. 

Material  for  analysis  was  obtained  by  means  of  the  heavy  solution, 
and,  as  had  been  observed  by  preliminary  experience  on  the  crystals  of 
chabazite,  the  specific  gravity  varies  considerably. 

The  mineral  was  analyzed  by  Dr.  Baskerville  with  the  following 
results : 


Analyses  of  chabazite  from  Buck  Creek  mine.  Clay  County. 


I. 

SiOs   45.08 

A1,0,    19.68 


FeO 

CaO 

BaO 

MgO 

K,0 

Na,0 

H,0 


2.00 
7.22 
0.18 
0.23 
4.34 
3.35 
18.00 


Ratio. 
.751  =  3.79 
.193  =  1.00 
.028 
.129 

.001  ^  .163  =  .84 
.005 
.046  "i 

.054fl^^  = 
1.000  =  5.02 


=  .50 


100.08 
Specific   gravity..     2.147 — 2.203 


II. 

46.15 

20.74 

2.00 

6.92 

0.24 

0.22 

4.10 

3.35 

16.30 


Ratio. 
.769  =  3.79 

.203  =  1.00 

.028^ 

.124 

.001 

.005 

.043  ) 

.054  f    097  =  .47 

.905  =  4.46 


kl58  =  .77 


100.02 

2.203—2.244 


The  ratio  of  AljOs :  SiOj :  HjO  is  near  to  1:4:5:  and  AljOj : 
(R".K2.Na2)0  is  close  to  4:  5. 

Usually  in  the  composition  of  the  chabazites  the  ratio  of  ALOj.: 
(Ca.K2Na2)0  is  near  to  1: 1.  In  the  present  analysis,  no  attempt  was 
made  to  separate  any  strontium  present  from  the  calcium.  As  a  small 
amount  of  this  element  would  cause  considerable  variation  in  the  per 
cent  of  CaO,  this  would  readilv  account  for  the  excess  of  this  oxide  in 
the  analysis. 

The  composition  of  chabazite  has  always  been  somewhat  uncertain,  as 
there  is  often  a  wide  variation  in  the  analyses  of  specimens  from  the 
same  locality.  The  hypothesis  advanced  by  Strong,"  that  chabazite  is 
an  isomorphous  mixture  of 

»  Ber.  OberhesB.  Gea.,  Vol.  XVI,  1897,  p.  74  ;  and  Dana  Biflneralogy,  6th  edition,  1892, 
p.  591. 
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m.  (CaNa.) Al^Si^Og  +  4HjO 
n.  (CaNa^)  AljSieOiei  +  8H,0, 

explains  satisfactorily  the  variations  observed  in  this  mineral.  This  is 
analogous  to  the  composition  of  albite-anorthite  feldspars. 

The  approximate  ratios  deduced  from  the  above  analysis,  of  SiOo: 
AI2O3 :  (Ca .  Naj)  0 :  HjO  =  4:1:1:5,  would  give  for  the  formula  of  this 
chabazite  m :  n  =  1 : 1,  but  with  a  low  amount  of  water. 

The  variation  in  composition  and  the  high  specific  gravity  of  the  min- 
eral are  without  doubt  due  to  the  varying  proportions  of  barium  and 
strontium  in  the  molecule. 

The  occurrence  of  chabazite  at  Buck  Creek  is  interesting,  as  this  is 
the  only  known  locality  at  which  this  mineral  is  found  in  North  Carolina. 

These  last  two  minerals,  wellsite  and  chabazite,  are  the  only  two 
zeolites  that  have  been  found  associated  with  corundum,  and  they  have 
been  observed  but  at  one  locality.  They  are  secondary  minerals  and 
have  been  derived  from  the  feldspar  with  which  they  are  associated,  and 
perhaps  in  part  the  corundum  may  have  aided  in  their  formation  to 
the  extent  of  a  part  of  the  alumina.  It  is,  however,  the  feldspar  that 
has  furnished  the  lime,  CaO,  and  the  soda,  NagO.  As  both  these  zeolites 
contain  barium  oxide,  it  was  thought  that  the  feldspar  which  was  un- 
doubtedly the  source  of  this  oxide  would  contain  suflScient  of  it  to  be 
classified  as  a  barium  feldspar;  but  an  analysis  made  of  this  showed  no 
more  than  a  trace  of  barium  oxide.  This,  however,  would  be  enough  to 
account  for  the  barium  observed  in  the  zeolites,  as  it  has  been  found  in 
them  in  but  very  small  quantity. 

The  results  of  the  analysis  of  this  feldspar  are  given  below : 

Analysis  of  feldspar  of  zeolites  from  Buck  Creek  mine.  Clay 

County*^ 

SiO,    54.75 

AlaO,     26.87 

FeO    0.89 

CaO    9.30 

BaO    Trace. 

MgO   0.54 

Na,0 5.79 

K,0     0.82 

H,0     1.15 


100.12 
**B7  Dr.  Charles  Baskaryllle. 
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The  water  obtained  in  the  above  analysis  indicates  that  the  mineral 
had  suffered  some  kaolinization.  From  the  percentage  of  lime  (CaO) 
and  soda  (NasO)^  the  feldspar  is  seen  to  belong  to  the  andesine  yariety 
of  the  plagioclase  feldspars.  For  description  of  these  feldspars  see 
page  77. 

THE  MICAS. 

The  minerals  classified  in  this  division  are  divided  into  the  following 
groups:  (I)  The  mica  group,  including  the  micas  proper,  characterized  hy 
the  elasticity  of  the  laminsB;  (II)  the  clintonite  group  or  the  hrittle  micas; 
(III)  the  chlorite  group,  characterized  hy  the  toughness  and  the  inelasticity 
of  the  lamins;  (IV)  a  supplementary  group,  the  vermiculites,  resulting 
chiefly  from  the  alteration  of  some  one  of  the  minerals  of  the  other  groups. 

These  minerals  all  have  a  characteristic  micaceous  structure  and  a  perfect 
hasal  cleavage,  which  enahles  them  to  he  separated  into  very  thin  lamells. 
In  crystal  form  they  are  all  very  similar,  belonging  to  the  monoclinic  system; 
but  the  plain  angles  of  the  base  being  60*^  or  120®  the  crystals  closely  approxi- 
mate hexagonal  or  orthorhombic  symmetry.  They  all  yield  water  upon  igni- 
tion, the  chlorites  containing  the  highest  ratio  (10  to  15  per  cent),  except 
some  of  the  minerals  in  the  supplementary  group  of  the  vermiculites. 

MICA  GB0X7P. 

Of  this  group,  but  two  species  have  been  identified  as  associated  with  the 
corundum  in  North  Carolina: 

Muscovite,  potassium  mica,  (H,K)AlSiO«. 

Biotite,  magnesium-iron  mica,  (H,K),(Mg,Fe),(Al,Fe),(Si04)t  in  part 
They  are  both  characterized  by  perfect  basal  cleavage,  which  permits  their 
separation  into  very  thin  laminsB  that  are  tough  and  elastic,  some  specimens 
exhibiting  this  elasticity  more  than  others. 

J^l.  Muscovite. 
This  species  is  divided  into  three  varieties : 

Jfl,  Ordinary  muacovite. — This  is  often  in  crjrstals  and  in  large  tabular 
blocks.  The  folia  are  usually  very  elastic,  the  thin  laminae  springing  back 
very  forcibly  when  bent,  and  they  have  a  decidedly  vitreous  luster. 

Jfla.  Damourite. — This  variety  includes  margarodite,  gilberite,  hydro- 
muscovite,  and  most  of  the  hydro-micas.  The  folia  are  usually  in  small 
scales,  are  less  elastic  than  the  ordinary  muscovite  and  the  luster  is  somewhat 
pearly. 

41b.  Fuchsite  or  chrome-mica. — This  Is  characterized  by  its  green  color  due 
to  the  presence  of  chromium  sesquloxide. 

The  hardness  of  the  muscovites  varies  from  2  to  2.5.  In  color  they  vary 
from  colorless,  gray,  brownish  to  green  of  fuchsite.  When  thin,  the  cleavage 
plates  of  mica  are  transparent,  while  the  thicker  crystals  are  nearly  or  quite 
opaque,  due  to  the  absorption  of  the  light  rays  normal  to  the  cleavage  plane; 
but  the  transverse  rays  being  less  absorbed,  the  crystals  are  translucent  when 
viewed  through  the  prism. 
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Ordinary  muscovite  is  not  commonly  associated  with  corundum,  ex- 
cept where  the  corundum  occurs  in  a  pegmatite  vein,  in  gneiss  or  schist. 
At  the  Presley  mine,  in  Haywood  County,  corundum  is  found  in  musco- 
vite crystals,  with  a  diameter  from  1  to  4  inches  (see  B  of  PI.  XXIX). 
The  line  of  separation  between  the  two  minerals  is  very  sharp  and  dis- 
tinct, as  is  also  the  crystal  outline  of  the  corundum,  and  it  does  not  seem 
probable  that  the  muscovite  is  an  alteration  product  of  the  corundum. 
On  the  basal  surface  of  the  corundum  there  is  a  coating  of  the  damour- 
ite  variety  of  muscovite,  which  is  apparently  an  alteration  product  of 
the  corundum. 

The  muscovite  damourite  is  somewhat  commonly  associated  with  cor- 
undum and  is  sometimes  the  result  of  its  alteration.  When  first  de- 
scribed this  mineral  was  supposed  to  be  a  distinct  species,  but  later  was 
shown  by  Dr.  Genth  to  belong  to  muscovite.  It  varies  from  small  or 
fine  scales  to  a  fibrous  and  compact  mineral  with  a  silky  luster. 

The  principal  corundum  localities  where  this  muscovite  is  found  are 
at  Crowders  and  Chubbs  mountains,  Gaston  County,  where  it  occurs  in 
scales,  surrounding  the  crystals  and  masses  of  corundum,  and  is  usually 
stained  with  ferric  oxide ;  at  Sapphire,  Jackson  County,  at  the  Sapphire 
mine,  nodules  and  crystals  of  pink,  white,  and  blue  corundum  are  sur- 
rounded by  a  mass  of  small  scales  of  this  mica,  usually  mixed  with  some 
margarite,  and  sometimes  with  a  little  chlorite;  at  the  Presley  mine, 
Haywood  County,  the  muscovite  occurs  as  small  scales  surrounding  the 
corundum  and  also  as  a  compact  or  fibrous  coating  enveloping  the  crys- 
tals of  corundum. 

At  this  last  locality  this  mica  has  apparently  been  formed  by  the 
alteration  of  the  conmdum,  as  it  has  also  been  observed  in  minute  scales 
on  the  basal  surfaces  of  many  corundums. 

At  Cullasaja,  Macon  County,  at  the  Corundum  Hill  mine,  a  mica- 
schist  occurs  in  contact  with  the  peridotite  outcrop,  which  Dr.  Genth" 
has  shown  to  be  a  muscovite  (damourite) -schist.  In  this  he  had  found 
a  few  crystals  of  corundum. 

At  the  Egypt  mine,  Yancey  County,  corundum  has  been  found  which 
has  begun  to  alter  to  muscovite  in  the  interior  as  illustrated  in  A  of 
Plate  XXX. 

Fuchsite  or  chrome  mica  has  been  identified  at  only  one  locality,  the 
Hayes  (Egypt)  mine,  Yancey  County,  and  this  occurrence  is  at  the 
present  time  the  only  one  known  in  this  State.  It  is  in  very  fine  scales 
enclosing  small  particles  of  chrysolite. 

"  Am.  Phil.  Soc,  Vol.  XIII,  1893.  p.  884. 
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Jf2.  Bioiite  {magnesium-iron  mica). 

This  mica  is  generally  readily  distinguished  from  the  others  by  its  color 
and  luster.  The  color  is  green-black  to  black  and  deep  black  in  the  thick 
crystals.  The  laminae,  when  thin  enough  to  transmit  light,  are  greenish  to 
brown-red  to  brown;  rarely  are  the  thin  laminae  colorless.  The  luster  is 
splendent,  inclined  to  a  more  or  less  pearly  and  in  the  deep  black  biotites  the 
luster  is  often  submetallic.  The  hardness,  2.5  to  3,  is  a  little  greater  than 
the  muscovites. .  The  basal  cleavage  is  perfect. 

No  crystals  of  biotite  have  been  observed  at  any  of  the  corundum  locali- 
ties, the  mineral  occurring  in  masses  usually  with  garnet  and  corun- 
dum, or  corundum  alone.  As  a  vein  material,  it  occurs  as  a  mass  of 
small  plates  resembling  a  coarse  biotite  schist. 

This  mineral  occurs  very  abundantly  at  the  Bad  Creek  mine,  Sapphire, 
Jackson  County  (see  description  of  this  vein  on  p.  251).  The  biotite- 
schist  is  sometimes  filled  with  corundum  crystals  up  to  an  inch  in  diam- 
eter, while  at  other  parts  there  is  an  entire  absence  of  corundum  in  the 
biotite  and  then  the  laminae  are  very  much  broader.  Apatite  crystals 
three-fourths  inch  in  diameter  are  also  abundant  in  the  biotite.  The 
corundum  surrounded  by  biotite  is  illustrated  in  B  of  Plate  XXX. 

CLINTONITE  GROUP. 

The  minerals  of  this  group  are  similar  to  the  micas  in  cleavage  and  crystal- 
line form,  but  are  usually  readily  distinguished  from  them  physically  by  the 
brittleness  of  the  laminse  and  chemically  by  being  more  basic  in  their 
character  than  the  micas. 

Two  species  of  this  group  are  found  associated  with  corundum: 

Margarite,  HsCaAlfSizOiz,  a  basic  silicate  of  aluminum  and  calcium. 

Chloritoid,  H,(Fe,Mg)AlsS10T,  a  basic  silicate  of  aluminum  and  ferrous  iron 
with  magnesia. 

These  minerals  form  something  like  a  transitional  series  between  the  micas 
and  chlorites. 

US.  Margarite, 

This  mineral  is  one  of  the  most  important  of  those  associated  with  corun- 
dum or  emery,  and  this  is  almost  the  only  mode  of  occurrence  of  marp:arite 
that  Is  known.  By  this  knowledge  of  its  occurrence  with  corundum  a  number 
of  corundum  and  emery  deposits  have  been  discovered. 

This  species  was  first  known  from  the  corundum  locality  of  Mount  Grelner, 
Steizing,  in  Tyrol,  and  its  importance  in  its  relation  to  corundum  and  emery 
was  revealed  by  its  occurrence  at  the  emery  mines  in  Asia  Minor  and  at  the 
corundum  localities  of  Pennsylvania  and  North  Carolina. 

Ijt  is  rarely  in  distinct  crystals,  and  these  are  usually  tabular,  parallel  to 
the  basal  planes.  It  has  a  perfect  basal  cleavage,  the  laminae  being  rather 
brittle.  The  luster  of  the  basal  plane  is  pearly.  The  color  Is  white,  pink  and 
yellowish  and  greenish  white.  Its  prevailing  color,  however,  when  it  is  in 
crystals  or  in  laminae,  is  a  pink  or  pinkish  white.  Its  hardness  is  between 
3.5  and  4.5. 
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Margarite  has  been  found  at  many  of  the  corundum  mines  in  this 
State,  and  it  may  be  that  at  all  the  peridotite  corundum  mines  there  is 
at  least  a  little  of  it,  but  at  the  most  it  is  in  very  small  amount.  At  two 
localities,  however,  the  Buck  Creek  mine  and  the  Bad  Creek  mine, 
margarite  is  very  abundant  and  in  beautiful  varieties.  At  the  Buck 
Creek  mine  it  occurs  in  groups  of  laminated  crystals,  some  of  which 
Genth"  has  described  as  being  2  inches  long,  IJ  inches  wide,  and  five- 
eighths  inch  thick.  The  color  on  the  basal  cleavage  surface  is  a  faint 
pinkish  white,  while  the  prism  faces  are  darker.  "  Tourmaline  is  some- 
times enclosed  between  the  laminae."  At  both  these  localities  feldspar 
is  very  common  and  the  margarite  has  been  found  more  abundantly 
where  the  corundum  is  associated  with  feldspar.  For  analysis  of  this 
margarite  see  I,  below. 

Another  variety,  which  is  the  commonest  occurrence,  and  is  intimately 
associated  with  zoisite  and  a  white  to  grayish  white  corundum,  is  in  the 
form  of  broad  laminae  of  a  delicate  pink  color.  It  has  been  analyzed 
(II,  below)  by  Dr.  Genth. 

Still  another  variety  has  been  described  by  Dr.  Genth  of  a  grayish 
green  color,  that  occurs  in  thin  seams  which  are  an  aggregate  of  minute 
pearly  scales  (see  analysis  III,  below). 

In  Iredell  County,  as  at  Belts  Bridge,  margarite  is  frequently  found 
with  the  corundum,  which  it  surrounds  as  a  compact  casing  (analysis  IV, 
below)  as  is  shown  in  fig.  27. 

Analyses  of  margarite  from  Clay  and  Iredell  Counties. 

I.  XL  III.  IV. 

Duck  Duck  Huck  Belts 

Creek»  Creek.*»  Creek.«  Bridgre.« 

SiOj     29.34  30.72  29.63  33.10 

AUO,   48.73  49.83  51.19  52.20 

FeO     0.78  0.84  0.59 .  Trace. 

MgO    0.78  0.76  1.09  

CaO     11.32  10.84  11.28  8.44 

LijO    Trace.  Trace. 

Na^O    2.61  2.19  1.22  2.59 

K-0    0.10  0.26  0.20  

Loss  on  ignition   6.55  6.21  4.73  4.85 

100.21  101.65  100.06  101.18 

Specific  gravity   2.990  3.055  3.064 


"Am.  Phil.  Soc,  Vol.  XIII,  1873,  p.  309. 

■•  Chaterd,  Am.  Phil.  Soc,  Vol.  XIII,  1873,  p.  401. 

«»  Genth,  Ibid.,  p.  400. 

«  Ibid. 

**  Julian,  Bull.  U.  S.  Geol.  Survey  No.  74,  p.  69. 
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At  the  Bad  Creek  mine  the  margarite  occurs  in  broad  foliated  plates 
of  a  pink  color,  more  or  less  mixed  with  chlorite.  There  is  usually  con- 
siderable corundum  in  small  grains,  particles,  and  lumps  enclosed  by  the 
micas. 

Another  variety  is  in  the  form  of  a  margarite-chlorite-schist,  carrying 
a  small  amount  of  garnet  and  corundum.  The  laminsB  in  the  schist  are 
not  so  broad  as  in  the  variety  first  described,  but  are  of  the  same  pink 
color.  This  schistosity  developed  in  the  margarite  and  chlorite  is  evi- 
dence of  a  considerable  amount  of  shearing. 

Still  another  variety,  which  has  the  same  pink  color  as  the  other  two, 
is  in  appearance  like  a  compact  margarite  but  is  made  up  of  very  fine 
scales  of  the  mineral. 

At  these  two  localities  the  margarite  is  one  of  the  principal  and  most 
abundant  associated  minerals  and  is  evidently  an  alteration  product  de- 
pendent upon  the  corundum. 

At  Hogsed  farm,  near  Elf,  Clay  County,  remnants  of  rhombohedral 
corundum  have  been  found  that  are  encased  with  secondarv  massive 
margarite   (see  A  of  PI.  XXXI). 

At  the  Corundum  Hill  mine,  Macon  County,  Dr.  Genth  *'  reporis  the 
occurrence  of  margarite  in  a  rock  consisting  "  of  a  f eldspathic  mineral 
mostly  decomposed  into  kaolinite,  a  greenish  hornblende,  and  small 
quantities  of  a  chloritic  mineral,  the  whole  mass  intermixed  with  white 
and  pink  corundum  and  laminae  of  margarite.^^  It  is,  however,  a  very 
rare  mineral  at  this  mine. 

The  margarite  when  purified  is  white  and  has  a  pearly  luster.  It  haa 
been  analyzed  by  Dr.  Genth"*  (I)  and  Mr.  Chatard**  (II)  as  follows: 

Analyses  of  margarite  from  Corundum  Hill  mine. 

I.  ir. 

SiO,     28.11  28.80 

A1,0,     49.16  49.57 

FeO     0.43  0.34 

MgO    0.45  0.75 

CaO     11.08  11.33 

L1,0     0.45  

NajO    0.67  

K,0    0.22 

Loss  on  ignition  6.43  6.64 

Residue    (corundum)    3.31  

100.31 
Specific  gravity  3.087 

♦3  Am.  Phil.  Soc,  Vol.  XIII,  1873,  p.  898. 
**Ibid.,  p.  400. 
«  Ibid.,  p.  400. 
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4J.  Chloritoid. 

The  occurrence  of  this  mineral  associated  with  the  North  Carolina 
corundum  is  very  rare.  A  single  small  crystal  of  chloritoid  has  been 
described  by  Dr.  Genth  from  the  Cullasaja  corundum  mine,  which  was 
found  in  the  washing  of  the  alluvial  deposits. 

In  the  pyrophyllite  slates  of  Chatham  County  it  occurs  in  dark  black- 
ish-green shining  scales  disseminated  through  the  white  rock.  This  has 
been  analyzed  by  Dr.  Genth ** with  the  following  results: 

Analysis  of  chloritoid  from  Corundum  Hill  mine. 

SiO,    26.13 

A1,0.    40.11 

Fe,0,    3.44 

FeO    23.01 

MnO     Trace. 

MgO   0.94 

Loss  on  ignition   6.91 

100.54 
Specific  gravity    3.353 

CHLORITE    GROUP. 

A  large  part  of  the  minerals  of  this  group  are  characterized  by  the  green 
color  which  is  common  in  most  of  the  silicates  in  which  ferrous  iron  is 
prominent.  This  species  is  closely  allied  to  the  micas  in  its  crystallographlc 
properties,  crystallizing  in  the  monoclinic  system  and  having  perfect  basal 
cleavage.  They  can,  however,  usually  be  distinguished  from  the  micas  by  the 
toughness  and  inelasticity  of  the  laminse. 

The  chlorites  are  very  closely  related  among  themselves  and  it  Is  often 
extremely  diflBcult  to  draw  strict  lines  between  them.  They  are  for  the  most 
part  silicates  of  aluminum  with  ferrous  iron  and  magnesium  and  chemically 
combined  water.  The  alumina  is  often  replaced  in  small  part  by  ferric  iron, 
and  very  rarely  by  chromic  oxide,  which  when  present  imparts  a  pinkish 
color  to  the  chlorites.  Ferrous  iron  is  sometimes  replaced  by  manganese. 
Calcium  and  alkalies  that  are  usually  present  in  all  the  true  micas,  are  either 
absent  or  present  in  but  small  amount. 

The  chlorites  are  often  the  result  of  the  alteration  of  other  species 
and,  as  was  described  on  page  123,  most  of  the  chlorite  found  associated 
with  the  corundum  in  North  Carolina  is  the  result  of  the  alteration  of 
the  peridotite  influenced  by  the  corundum.  It  is  also  often  the  result  of 
the  alteration  of  the  mineral  species,  pyroxene,  amphibole,  garnet,  biotite, 
etc.  A  chlorite  derived  in  part  from  the  alteration  of  chromite  is  de- 
scribed on  page  75. 

*■  Am.  Phil.  Soc,  Vol.  XIII,  1873.  p.  397. 
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-47.  Jefferisite  or  culsageeite. 

This  mineral  occurs  at  the  Conindiim  Hill  mine  in  foliated  masses 
of  yellowish-brown  color  and  also  in  greenish,  brownish  yellow  scales, 
not  over  one-eighth  of  an  inch  in  diameter.  The  first  has  been  analyzed 
by  Mr.  Koenig "  and  the  second  by  Mr.  Chatard : " 

Analyses  of  jefferisite  or  culsageeite  from  Corundum  Hill 

mine,  Macon  County. 

I.  II. 

SiO,   33.93  34.00 

AljO,   17.38  20.36 

Fe,0.     5.42  4.91 

FeO     0.50  0.42 

NiO    0.35  0.57 

MgO    23.43  21.71 

Ignition    19.17  18.50 


100.18  100.47 

43.  Kerrite. 

This  variety,  as  described  by  Genth,  consists  of  innumerable  fine  scales 
of  a  pale  greenish-yellow  color  and  of  a  pearly  luster  and  was  found  at 
the  Corundum  Hill  mine,  Macon  County. 

The  analysis  by  Mr.  Chatard"  follows. 

Analysis  of  kerrite  from  Corundum  Hill  mine,  Macon  County. 

SiO,    38.31 

A1,0.    11.41 

FeA    1.93 

FeO    0.32 

(NiCo)O     0.29 

MgO    26.30 

Ignition    21.22 

99.78 
Specific  gravity   2.303 

Jf9.  Maconite. 

This  variety  was  identified  at  the  Corundum  Hill  mine  by  Genth,  who 
describes  it  as  a  dark-brown  scaly  mineral  with  pearly  luster  inclining  to 
sub-metallic.     It  closely  resembles  the  scaly  jefferisite. 

"•Am.  Phil.  Soc,  Vol.  XIII,  1873,  p.  390. 

"  Ibid. 

"'  Ibid.,   p.    .T.>4. 
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The  mean  result  of  two  analyses  by  Cliatard  "  are  given  below. 

Analysis  of  viaconite  from  Corundum  Hill  mine,  Macon 

County. 

SiO,    34.22 

AljO,     21.53 

Fe,0,    12.41 

FeO    0.32 

NiO     0.12 

MgO   14.46 

LijO    Trace. 

NajO     0.51 

K,0     5.70 

H,0     11.85 

101.12 
Specific  gravity    2.827 

50.  Lucasite. 

This,  another  mineral  similar  to  jetferisite,  was  identified  by  Mr. 
Chatard  at  the  Corundum  Hill  mine.  It  is  yellowish  brown  in  color  and 
made  up  of  small  laminae  not  over  2  mm.  in  diameter.  The  basal  cleav- 
age is  eminent  and  the  luster  sub-metallic  to  greasy.  It  is  found  asso- 
ciated with  grass-green  actinolite. 

The  analysis  of  this  vermiculite  by  Mr.  Chatard"  is  as  follows: 

Analysis  of  lucasite  from  Corundum  Hill  mine,  Macon 

County. 

H,0  at  110*  C 3.78 

H2O  at  red  heat 6.98 

SiO.    31.81 

AUO3     12.99 

CFjO,     0.54 

Fe^O,    5.29 

FeO    0.11 

MnO   0.05 

MgO    24.83 

CaO    0.14 

Na,0     0.20 

ICO     5.76 


100.48 


"Am.  Phil.  Soc,  Vol.  XIII,  1873.  p.  303. 
••Bull.  U.  S.  Geo!.  Survey  No.  74,  p.  GG. 


21 


322      CORUNDUM  AND  PERIDOTITES  OF  WESTERN  NORTH  CAROLINA. 


51,  Willcoxite. 

This  vermiculite  occurs  in  greenish  white  scales  of  a  pearly  luster, 
somewhat  resembling  talc.  It  has  been  identified  at  Shooting  Creek  and 
the  Buck  Creek  mine,  in  Clay  County;  and  at  the  Corundum  Hill  mine, 
Macon  County.  It  has  been  found  surrounding  corundum  and  is  proba- 
bly the  result  of  the  alteration  of  that  mineral.  It  is  one  of  the  easier 
of  the  vermiculites  to  identify  in  the  field. 

Analyses  of  this  mineral  from  the  two  localities  in  Clay  County  have 
been  made  by  Mr.  Koenig  "  and  the  results  are  given  below : 

Analyses  of  willcoxite  from  Clay  County, 

Shooting  Creek.    Buck  Creek. 
SiO,     28.96  29.50 

AlA   37.49  37.56 

Fe^O,   1.26  1.40 

FeO     2.44  2.38 

MgO    17.35  17.20 

Li,0     Trace.  Trace. 

Na,0    6.73  6.24 

K,0    2.46  2.42 

H,0    4.00  3.32 


100.69 


100.02 


52,  Dudleyiie. 

At  the  Buck  Creek  mine.  Clay  County,  this  vermiculite  has  been  found 
very  sparingly.  It  has  a  soft  bronze  or  brownish  yellow  color;  a  pearly 
luster  and  is  probably  the  result  of  the  alteration  of  margarite,  whose  form 
it  still  retains.     An  analysis  of  this  mineral  by  Dr.  Genth  "  gave : 

Analysis  of  dudleyite  from  Buck  Creek  mine,  Clay  County. 

SiOa    32.42 

ALO,    28.42 

FejO,    4.99 

FeO    1.72 

MgO    16.87 

LiaO    0.19 

Na,0     1.52 

K,0     0.56 

Loss  on  ignition 13.43 


100.12 


»Ara.  Phil.  Soc,  Vol.  XIII,   1873,  p.  39G. 
••Am.  Phil.  Soc,  Vol.  XIII,  1873.  p.  40'2. 
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Some  of  the  vermiculites  are  common  at  all  the  corundum  localities  in 
peridotite,  and  often  in  a  border  vein  the  corundum-bearing  zone  is  sepa- 
rated from  the  gneiss  by  a  narrow  zone  of  vermiculites;  sometimes  they 
form  the  principal  part  of  the  corundum-bearing  zone  (see  fig.  19,  p.  201). 
Beautiful  and  perfect  crystals  of  vermiculite  pseudomorph  after  clino- 
chlore  are  occasionally  found  at  the  various  peridotite  localities.  Crystals 
of  clinochlore  have  also  been  observed  that  were  only  partially  altered 
into  vermiculite. 

As  seen  from  the  above  description  some  of  the  vermiculites  have  not 
been  very  generally  recognized  at  the  different  corundum  mines,  but  as  a 
group  they  are  common  and  often  play  an  important  part  in  locating  a 
corundum  vein. 

HYDROUS  MAQNE8IAN  SILICATES. 

5S,  Serpentine. 

Serpentine  has  been  found  in  crystals  only  as  pseudomorphs,  more  com- 
monly having  the  form  of  chrysolite.  Some  kinds  are  pseudomorphs  after 
pyroxene,  amphibole,  spinel,  chondrodite,  garnet,  etc.  Serpentine  is  usually 
massive,  but  is  sometimes  foliated  and  is  also  delicately  fibrous;  it  is  also  fine 
granular  and  amorphous.  Various  names  have  been  given  to  serpentine,  the 
name  being  dependent  upon  physical  structure.  A  pseudo-cleavage  is  some- 
times very  distinct;  occasionally  prismatic  (50°)  and  again  cubical  (90°). 
Its  fracture  is  conchoidal  or  splintery.  It  varies  rather  widely  in  hardness 
and  in  specific  gravity,  the  former  being  2.5  to  4  and  the  latter  2.20  to  2.65. 
The  luster  is  sub-resinous  to  greasy,  pearly,  silky,  wax-like,  and  sometimes 
earthy;  and  it  usually  has  a  greasy  feel.  The  color  is  dull  and  usually  some 
shade  of  green,  as  leek-green,  blackish  green,  and  oil-green;  sometimes 
reddish  and  brownish  yellow. 

Chemically,  serpentine  is  a  hydrous  magnesium  silicate,  with  the  formula, 
HJiigsSitO,.  A  part  of  the  magnesia,  MgO,  is  often  replaced  by  ferrous  oxide, 
FeO.  The  water,  HjO,  is  all  chemically  combined  in  the  form  of  hydroxyl  and 
not  as  water  of  crystallization. 

Serpentine,  which  is  always  the  result  of  the  alteration  of  some  other 
mineral,  especially  chrysolite,  is  a  very  common  associate  of  corundum  in 
the  peridotite  rocks.  This  alteration  of  the  chrysolite  in  the  peridotites 
is  first  observed  along  the  borders  of  the  grains,  forming  a  complete  net- 
work around  the  chrysolite  grains.  The  next  stage  is  the  formation  of  the 
serpentine  along  the  irregular  fissures  and  cleavage  cracks  through  the 
grains  of  the  chrysolite.  As  this  alteration  goes  on,  the  serpentine  gradu- 
ally replaces  the  chrysolite  until  there  is  no  trace  of  the  latter  left.  Some- 
times the  granular  structure  of  the  rock  is  not  changed  in  this  process, 
but  more  often  the  change  completely  obliterates  all  the  former  structure. 
Nearly  all  the  varieties  of  serpentine  have  been  observed  from  the  altera- 
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tion  of  the  peridotites.  For  furtlier  description  of  this  alteration  and 
the  formation  of  serpentine,  see  page  118.  Complete  alteration  of  the 
peridotites  to  serpentine,  save  in  a  few  small  areas  near  French  Broad 
River  (see  p.  49),  is  exceptional  in  North  Carolina. 

63.  Massive  serpentine. — This  includes  all  the  massive  varieties  of 
serpentine,  precious  serpentine,  of  a  rich  oil-green  color  and  translucent 
even  when  in  thick  pieces;  common  serpentine,  when  of  dark  shades  of 
color  and  sub-translucent;  resinous,  when  of  honey-yellow  to  light  oil 
green  colors  and  a  waxy  or  resin-like  luster. 

Nothing  that  could  be  called  a  genuine  precious  serpentine  lias  been 
found  in  North  Carolina.  Small  seams,  up  to  one-half  an  inch  thick,  of 
resinous  serpentine  have  been  found  at  the  Buck  Creek  mine.  Clay 
County.  Common  serpentine  is  very  abundant  at  all  the  peridotite  locali- 
ties. A  grayish  green,  massive  serpentine  from  the  Corundum  Hill  mine 
has  been  analyzed  with  the  following  results : " 

Analysis  of  mdssive  serpentine  from  Corundum  Hill  mine, 

Macon  County.^ 

SIO2    41.90 

MgO    40.16 

H,0     16.16 

NiO     0.10 

Fe,0,    0.91 

A1,0,     0.71 


99.94 


53a,  Williamsite. — This  is  a  variety  of  serpentine  that  is  somewhat 
lamellar  in  structure  but  graduates  into  the  massive.  It  is  apple-green  to 
brownish  green  in  color,  and  is  without  a  greasy  feel.  A  serpentine 
resemblino;  this  from  Webster  has  been  analvzed  bv  Dr.  Genth."  The  re- 
suits  of  the  analysis  are  as  follows: 

Analysis  of  williaynsite  from  Webster,  Jackson  County. 

SiO,    43.87 

A1,0,     0.31 

MgO   38.62 

FeO     7.17 

MnO     Trace. 

NiO     0.27 

CaO    0.02 

HaO     9.55 

Chromite    0.57 


100.38 
"  Am.  Jour.  Scl..  :M  ser..  Vol.  XL.  1890,  p.  308. 
"  By  E.  A.  Schneider. 
"•Bull.  U.  S.  Geol.  Survey  No.  74.  p.  63. 
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5Sb.  MarmoHte. — This  is  llie  thin  foliated  variety  of  serpentine;  the 
folia  being  brittle  and  often  easily  separated.  The  color  is  iisually 
greenish  white.  It  has  been  found  in  the  Webster  peridotite  and  at  the 
Baker  mine  in  Caldwell  County. 

53c.  Chnfsotile. — (.'Jirysotilf  is  a  delicately  fibrous  serpentine  with  a 
silky  luster.  The  fibers  are  usually  flexible  and  easily  separated.  It  is 
this  variety  that  eonstitutei;!  Tnuch  of  what  is  called  asbestos  (see  p.  391). 
In  color  it  is  greenish  white,  green,  olive-green,  yellow,  and  brownish. 


.J^:^ 


Fio.  32, — Cbr;>ot1]e.  the  fibrous  variety  or  aerpeDllne. 

It  often  forms  jeaiiis  in  the  massive  serpentine.  Splendid  specimens  of 
this  mineral  have  been  found  at  the  Baker  mine,  and  near  Patterson  in 
Caldwell  County;  at  tlie  Buck  Creek  mine.  Clay  Connty;  also  at  Webster, 
Jackson  County,  and  Corundum  Hill  mine,  Macon  County.  This  variety 
of  serpentine  is  illustrated  in  fig.  33. 

oSd.  I'icrolilc. — Tliis  is  somewhat  simiiar  to  the  chrysotile,  but  ia 
columnar,  and  the  columns  or  fibers  are  not  easily  flexible  and  usually 
break  with  long  splinter)'  fracture.  Its  color  is  dark  green  to  mountain- 
green  and  grayish  green.  It  occurs  more  or  less  frequently  at  many  of 
the  peridotite  localities.  The  best  has  been  found  at  the  Baker  mine, 
Caldwell  County,  and  the  Buck  Creek  mine.  Clay  County, 
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An  analysis  of  a  grayish  green  variety  from  the  latter  locality  gave 
the  following  results:* 

Analysis  of  picrolite  from  Buck  Creek  mine.  Clay  County  **^ 

SiO,    42.94 

MgO 36.53 

PeO    1.88 

NiO    0.61 

H,0     13.21 

Fe,0,    3.33 

A1,0,    1.72 


100.22 

54.  CeroHte. 

There  are  a  number  of  magnesian  silicates  that  are  allied  to  serpen- 
tine but  are  of  doubtful  character.  One  of  these,  cerolite,  has  been  identi- 
fied by  Dr.  Genth  from  the  Corundum  Hill  mine,  Macon  County.  It  ip 
in  white  or  yellowish  masses  in  small  veins  or  seams  in  the  decomposed 
chrysolite.  This  mineral  contains  a  much  larger  percentage  of  silica 
(SiOa)  and  water  (HjO)  than  serpentine  and  a  correspondingly  lower 
per  cent  of  magnesia  (MgO). 

65.  Deweylite, 

This  mineral  is  amorphous  and  sometimes  resemhles  a  hrownish  or  yellow 
resin.  It  is  very  brittle  and  is  often  found  badly  cracked.  It  is  a  magnesium 
silicate  near  serpentine  in  composition  but  contains  more  water.  The 
formula  may  be  4MgO .  3SiO, .  6H,0. 

Deweylite  occurs  at  nearly  all  the  peridotite  localities  and  that  from  the 
Corundum  Hill  mine,  Macon  County,  which  occurs  with  the  aragonite, 
has  been  analyzed  by  Dr.  Baskersville.  Its  specific  gravity  was  found  to 
be  2.318-2.357.     The  results  of  the  analysis  are  as  follows : 

Analysis  of  deweylite  from  Corundum  Hill  mine,  Macon 

County, 

SiO,    45.51 

A1,0.     1.26 

FeO    2.36 

MgO    31.42 

CaO    0.40 

K,0     0.33 

Na,0     0.96 

H,0     17.93 


100.17 
«>  Bull.  U.  S.  Geol.  Survey  No.  74,  p.  63. 
"  By  E.  A.  Schneider. 
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The  analyses  of  deweylite  vary  widely,  even  in  specimens  from  the  same 
locality.  It  is  a  mineral  that  has  been  formed  by  the  alteration  of  the 
chrysolite,  but  is  not  the  direct  alteration  product.  As  chrysolite  becomes 
serpentinized,  it  would  on  further  hydration  pass  over  into  deweylite  or 
some  of  the  other  allied  minerals. 

56.  Oenthite. 

At  a  great  many  of  the  peridotite  localities,  genthite  occurs  as  an  amor- 
phorous  coating  or  thin  seams  in  the  rocks.  These  seams  or  veins  some- 
times reach  a  thickness  of  nearly  half  an  inch  (see  p.  398).  The  mineral 
is  amorphous  with  sometimes  a  delicate  hemispherical  or  stalactitic  sur- 
face. Its  luster  is  resinous  and  color  pale  apple-green  to  yellowish.  In 
hardness  it  is  from  3  to  4. 

•  Genthite  may  be  considered  a  deweylite  with  part  of  its  magnesia 
replaced  by  nickel  oxide.  Its  formula  to  correspond  to  that  of  deweylite 
would  be  2NiO .  2MgO .  3Si02 .  6H2O.  When  exposed  to  the  air,  it  loses  its 
color  and  partially  disintegrates. 

66a.  Oamierite. — This  variety  of  genthite  is  soft  and  friable.  It  has 
a  dull  luster  and  a  light  apple-green  to  nearly  white  color.  Its  compo- 
sition is  very  variable  but  it  is  essentially  a  hydrous  silicate  of  magne- 
sium and  nickel,  whose  formula  may  be  HjCNi,  Mg)Si04  +  aq.  It  has 
been  identified  at  the  Webster  peridotite  locality  and  probably  occurs  at 
many  of  the  others.  Its  softness  and  dull  luster,  its  unctuous  feel,  will 
usually  be  suflBcient  to  distinguish  it  from  genthite. 

Genthite  and  gamierite  are  due  to  the  alteration  of  the  peridotites, 
which  usually  carry  minute  quantities  of  nickel,  and  this  has  been  de- 
posited as  nickel  silicates  in  thin  coatings  and  in  seams  in  the  joints  and 
cracks  of  the  rock.  They  can  usually  be  distinguished  from  deweylite 
by  their  bright  green  color. 

67.  Talc. 

The  crystallography  of  talc  is  not  perfectly  understood  but  It  is  probably 
orthorhombic.  It  is  very  rarely  in  crystals,  being  usually  foliated,  coarse 
granular,  massive,  or  sometimes  fibrous.  The  cleavage  is  basal  and  perfect. 
The  laminse  are  flexible  but  not  elastic  and  are  sectile.  Its  luster  is  pearly 
on  the  cleavage  surface  and  the  color  ranges  from  apple-green  to  white  or 
silver^-^  white,  though  it  is  sometimes  darker,  from  impurities.  It  is  one  of 
the  softest  minerals,  being  1  to  1.5  in  hardness  and  has  a  very  greasy  feel. 
Chemically,  talc  is  a  hydrous  magneslan  silicate,  whose  formula  is  HsMgsSi^Ou. 

The  two  principal  varieties  of  talc  are: 

57.  Foliated  talc. — This  consists  of  folia  that  are  usually  easily  separated 
and  have  a  decidedly  greasy  feel. 

57a.  Massive  steatite  or  soapstone. — This  is  coarse  granular  and  of  a  gray. 
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considered  almost  impossible  to  reduce  to  the  metallic  state,  can  now  be 
obtained  with  comparative  ease  and  at  small  expense.  The  corundum  ob- 
tained varies  in  color,  and  is  dependent  to  a  certain  extent  upon  the 
metallic  oxide  reduced. 

In  1900  a  process  was  devised  for  manufacturing  corundum  out  of 
bauxite.  This  method  is  in  part  a  secret  process,  but  consists  essen- 
tially of  subjecting  the  bauxite  to  a  very  great  heat  in  an  electrical 
furnace. 

The  idea  that  bauxite  is  changed  into  corundum  by  heat  and  pressure  is 
not  new,  for  in  1861  Dr.  T.  Sterry  Hunt,  of  the  Geological  Survey  of 
Canada,  in  an  article  on  "  The  origin  of  some  magnesian  and  aluminous 
rocks,"  described  the  occurrence  of  bauxite  at  Baux,  in  the  south  of 
Prance,  and  stated  that  "  by  an  intense  heat  this  substance  is  converted 
into  crystalline  corundum  resembling  emery  in  its  physical  character." 

The  Norton  Emery  Wheel  Company  has  erected  a  plant  at  Niagara 
Falls  for  the  manufacture  of  artificial  corundum  and  the  manufactured 
corundum,  which  is  known  commercially  as  alundum,  gives  very  good 
results  as  an  abrasive.  In  the  manufacture  of  this  artificial  corun- 
dum, a  specially  constructed  furnace  is  used  in  which,  the  bauxite  itself  is 
utilized  as  a  lining.  The  heat  generated  is  sufficient  to  fuse  the  bauxite 
which  recrystallizes  as  corundum.  The  pig,  as  it  is  taken  from  the  fur- 
nace, has  an  outer  layer  of  nearly  unaltered  bauxite.  A  portion  of  the 
con^ndum  is  well  crystallized  in  hexagonal  plates. 

NATURAL  PRODUCTION  OF  CORUNDUM. 

Corundum  is  formed  in  nature  by  several  different  methods,  as  would 
be  inferred  from  the  many  different  ways  in  which  the  mineral  occurs. 
Corundum  that  is  associated  with  the  metamorphic  gneisses  and  schists, 
must  be  of  different  origin  from  that  found  in  tlie  basic  igneous  rocks; 
and  that  occurring  in  syenite  must  have  originated  in  a  different  manner 
from  that  found  in  crystalline  limestone.  Alumina  is  now  known  to 
be  soluble  in  many  molten  magmas,  and  as  these  cool,  corundum  sepa- 
rates out.  The  hvdrous  oxide  of  alumina  can  be  converted  bv  means  of 
heat  and  pressure  into  corundum,  and  the  occurrence  of  this  mineral  in 
metamorphic  rocks  may  in  some  cases  be  due  to  the  change  of  the  hydrous 
oxide,  which  was  perhaps  in  the  form  of  bauxite. 

The  methods  of  formation  of  the  corundum  associated  with  the  differ- 
ent rocks  in  North  Carolina  are  discussed  in  the  following  pages. 
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This  would  correspond  to  a  talc  in  which  a  large  proportion  of  the  mag- 
nesium has  been  replaced  by  nickel. 

The  soapstone  or  steatite  variety  of  talc  has  been  found  very  extensively 
in  the  northern  portion  of  the  peridotite  belt  in  Watauga,  Ashe,  and  Alle- 
ghany counties.  Some  occurs  in  Madison  and  in  the  southern  part  of 
Jackson  counties.  These  have  resulted  for  the  most  part  from  the  altera- 
tion of  pyroxenites  and  pyroxenic  peridotites. 

58,  Sepiolite  or  meerschaum. 

This  is  a  compact  mineral  with  a  smooth  feel  and  fine,  earthy  texture.  It 
is  2  to  2.5  in  hardness  and  of  grayish  white,  white  and  yellowish  white  colors. 
It  is  a  hydrous  magnesian  silicate,  whose  formula  is  HfMgsSijOio. 

At  Webster,  Jackson  Countv,  this  mineral  has  been  found  in  thin  lavors, 
1  to  3  mm.  thick,  in  serpentine.  This  has  been  analyzed  by  Mr.  P.  H. 
Walker,**  with  the  following  results: 

Analysis  of  sepiolite  from  Webster,  Jackson  County. 

SiO,    55.38 

MgO   15.62 

NiO     17.84 

H2O    10.77 

FejO,    0.56 

100.17 
Specific  gravity    2.53 

As  is  seen  from  the  analysis  a  large  per  cent  of  tlie  magnesia  has  been 
replaced  by  nickel  oxide. 

HYDROUS  ALUMINUM  SILICATES. 

59.  Kaolinite  (kaolin). 

Kaolin ite  crystallizes  in  the  monoclinic  system,  but  it  is  usually  in  clay- 
like masses,  either  compact  or  friable.  Its  chemical  composition  is  repre- 
sented by  the  formula  H^AIsSIjOb. 

Ordinarily,  kaolin  is  the  result  of  the  alteration  of  aluminous  minerals, 
principally  the  feldspars,  and  where  corundum  is  associated  with  the 
feldspar,  more  or  less  kaolin  has  been  found.  Except  as  it  occurs  in  this 
way,  no  kaolin  has  been  observed  associated  with  corundum.  Thus,  some 
kaolin  is  found  with  the  corundum  in  gneissoid  and  granitic  rocks. 
That  resulting  from  the  alteration  of  the  feldspars  alone  is  pure  white 
and  mixed  wath  more  or  less  free  quartz.  It  is  sometimes  stained  reddish 
by  iron  oxide. 

«Am.  Chem.  Jour.,  Vol.  X,  1888,  p.  44. 
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60.  PyrophyllUe. 

No  distinct  crystals  of  this  mineral  have  been  observed;  it  is  usually 
in  foliated  to  fibrous  and  compact  masses.  It  feels  greasy  and  is  from  1 
to  2  in  hardness.  Its  color  is  white,  grayish  white,  and  greenish.  In 
many  of  its  physical  properties  it  resembles  talc,  but  chemically  it  is  a 
hydrous  aluminum  silicate,  whose  formula  is  HjAljSi^Ojj. 

Dr.  Genth "  has  described  the  occurrence  of  pyrophyllite  with  corun- 
dum at  Crowders  and  Kings  mountains  in  Gaston  County. 

PHOSPHATES. 

61,  Apatite. 

The  crystals  of  apatite  are  hexagonal,  usually  long  to  short  prisms,  and 
are  sometimes  tabular.  They  have  but  an  imperfect  cleavage  and  are  brittle. 
While  the  color  is  usually  sea-green  to  bluish  green,  it  is  often  violet  blue, 
and  is  sometimes  white,  yellow,  red,  etc.  Apatite  is  very  similar  at  times  to 
beryl,  but  it  can  always  be  distinguished  from  this  mineral  by  its  hardness, 
which  is  but  5,  so  that  it  can  be  scratched  with  steel.  Chemically  it  is 
essentially  calcium  phosphate,  with  the  formula  Ca^CCaP)  (PO4),. 

At  a  number  of  the  corundum  mines,  yellowish  green  to  sea-green 
crystals  of  apatite  have  been  found.  Some  of  these  have  the  hexagonal 
prism  well  developed  but  none  were  observed  that  were  terminated.  Some 
measured  nearly  1^  inches  in  length  and  half  an  inch  to  1  inch  in  diam- 
eter. They  have  been  found  most  abundantly  at  the  Bad  Creek  mine, 
Jackson  County,  associated  with  corundum  in  the  biotite.  One  crystal 
from  the  Corundum  Hill  mine  was  three  fourths  of  an  inch  thick  and 
translucent.  It  has  been  found  only  sparingly  at  the  Buck  Creek  mine. 
Clay  Coimty,  where  it  was  enclosed  in  a  mass  of  zoisite  and  margarite. 
At  the  other  two  localities  mentioned  it  was  encased  by  biotite-mica. 

62,  Lazulite. 

Lazulite  crystallizes  in  the  monoclinic  system,  the  crystals  usually  being 
acute  pyramidal  in  habit,  sometimes  flattened.  It  also  occurs  massive  and 
compact,  has  a  hardness  of  5  to  6,  and  is  azure-blue  in  color.  Its  chemical 
composition  is  represented  by  the  formula  RAl2(OH),(P04)a,  where  R  =  Fe 
and  Mg. 

It  has  been  found  at  Crowders  and  Chubbs  mountains  in  dark  blue 
crystals  and  crystalline  masses  with  corundum. 

An  average  of  two  analyses  of  that  from  Chubbs  mountain  **  gave : 

•*Am.  Phil.  Soc,  Vol.  XIII,  1873,  p.  381. 

••  Brush,  Am.  Jour.  Scl..  3d  ser..  Vol.  XVI,  1883,  p.  370. 
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Analysis  of  lazulite  from  Ohuhhs  mountain,  Gaston  County, 

P,Oa    43.76 

AUO,     31.70 

FeO    8.17 

MgO   10.04 

H,0     5.59 

SiO,    1.07 

100.33 
Specific  gravity 3.122 

It  is  probable  that  this  phosphate  is  a  direct  alteration  product  of  conin- 
dum  and  that  its  mode  of  formation  was  similar  to  that  of  apatite.    ' 

MINERALS   ASSOCIATED  WITH   CORUNDUM    NOT   FOUND   IN    NORTH 

CAROLINA. 

A  number  of  other  minerals  have  been  found  associated  with  corundum 
that  have  not  yet  been  identified  in  association  with  corundum  in  North 
Carolina.  A  brief  description  of  them  is  given  here,  as  some  of  them  may 
be  found  later  in  the  coruiidum  fields  of  this  State. 

Bauodte. 

This  mineral,  which  is  a  hydroxide  of  aluminum,  is  essentially 
Al20(0H)4.  It  occurs  usually  in  round,  concretionary  grains,  also 
massive,  oolitic,  and  clay-like.  Its  color  is  whitish,  grayish  to  ocher 
yellow,  and  brown.  In  the  bauxite  deposits  of  the  southern  part  of 
Prance,  corundum  grains  are  occasionally  enclosed  by  bauxite. 

Oibbsite  {Hydrargillite) , 

Gibbsite  crystallizes  in  the  monoclinic  system,  but  often  with  a  hexa- 
gonal aspect,  and  the  crystals  were  originally  called  hydrargillite.  Its 
color  is  white,  grayish,  greenish,  and  reddish  white.  It  is  a  hydroxide 
of  aluminum,  represented  by  the  formula  A1(0H)3. 

The  usual  occurrence  of  this  mineral  with  corundum  is  in  the  form  of 
mamillary  or  stalactitic  incrustations,  which  sometimes  coat  the  corundum 
itself  and  at  others  the  enclosing  rock.  It  has  very  evidently  resulted 
from  the  alteration  (hydration)  of  the  corundum.  It  was  first  noticed 
at  Gummuch  Dagh,  Asia  Minor,  and  later  at  Unionville,  Pa. 

Calcite, 

Calcite  has  been  observed  as  an  associated  mineral  of  corundum  only 
where  the  latter  occurs  in  limestone,  as  in  Xew  Jersey  and  in  the 
Burmah  ruby  district  of  India. 
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Calcite  crystallizes  in  the  rhombohedral  division  of  the  hexagonal  system 
and  has  a  perfect  rhombohedral  cleavage.  It  is  3  in  hardness.  In  color 
it  is  usually  white  to  colorless,  sometimes  pink  and  blue.  Its  chemical 
composition  is  a  calcium  carbonate,  CaCOj  (see  magnesite,  p.  282). 

Orthoclase, 

This  feldspar  (see  p.  222)  is  an  associate  of  the  corundum  that  occurs 
in  syenite,  as  that  from  Montana  and  Canada. 

Bar  so  wit  e,*" 

This  variety  of  anorthite  feldspar  (see  p.  228)  occurs  with  corundum  at 
Barsowskoi,  near  Kyschtimsk,  in  the  Ural  Mountains. 

Nephelite  (Nepheline), 

At  the  recently  discovered  corundum  localities  in  Ontario,  Canada, 
nephelite  occurs  very  abundantly  as  a  constituent  of  the  nepheline- 
syenite,  the  matrix  of  the  corundum.  As  the  percentage  of  corundum  in 
the  rock  increases,  that  of  the  nephelite  decreases. 

This  mineral  crystallizes  in  the  hexagonal  system  and  occurs  in 
massive,  compact  form,  and  in  imbedded  grains.  It  is  colorless,  white, 
yellowish,  and  when  massive,  is  sometimes  dark  green,  greenish  or  bluish 
gray.     Its  formula  is  EgAlgSioOg^  where  E  =  Na  and  K. 

Sodalite, 

This  mineral  crystallizes  in  the  isometric  system,  the  dodecahedron 
being  the  common  form,  but  is  usually  found  massive  or  in  embedded 
grains.  It  varies  in  color  from  gray  to  blue.  It  has  been  found  as  an 
associate  of  corundum  in  the  nepheline-syenites  of  Canada. 

Paragoivite. 

This  mineral  belongs  to  the  muscovite  group  and  represents  the  soda- 
mica,  corresponding  to  muscovite  in  composition  (HNa)AlSi04  (see  p. 
312  for  description  of  this  group).  Corundum  occurs  in  a  paragonite 
schist  near  Schwarzenberg,  in  Saxony. 

EuphyUite. — This  is  a  variety  of  paragonite  that  is  between  this  and 
muscovite  and  is  found  associated  with  corundum  at  Unionville,  Pa.  A 
beautiful  emerald-green  mica  associated  with  corundum  at  Pipra,  South 
Rewah,  India,  is  also  referred  to  this  mineral. 

"  Rose,  Pogg.  Ann.,  Vol.  XLVIII,  1839,  p.  567. 
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Patterso7iite, 

Pattersonite  is  a  micaceous  mineral,  of  the  chlorite  group,  that  occurs 
with  corundum  at  Unionville,  Pa.  For  a  description  of  the  chlorites 
see  p.  317. 

Painterite. 

This  is  a  vermiculite  of  a  dull  green  color,  described  by  Clarke  from 
Newlin  township,  Chester  County,  Pennsylvania.  The  group  of  vermi- 
culites  is  described  on  p.  319. 

Lesleyite  (Ephesite). 

These  are  names  that  were  given  to  an  alteration  product  of  corundum 
that  was  later  proved  to  be  a  mixture  of  the  potash  mica,  muscovite 
(damourite),  and  corundum. 

Zircon. 

This  mineral  has  been  found  as  an  associate  of  corundum  in  the  gneissic 
rocks  of  the  Haute-Loire,  France.  It  has  also  been  found  in  the  same 
belt  of  syenite  rocks  of  Ontario,  Canada,  in  which  the  corundum  has  been 
found,  but  not  as  yet  directly  with  the  corundum. 

It  crystallizes  in  the  tetragonal  system  and  is  more  commonly  in  square, 
prismatic  crystals.  The  color  varies  usually  from  grayish,  brownish 
yellow  to  reddish  brown;  also  colorless,  yellowish  green,  and  orange.  It 
is  a  zirconium  silicate  whose  formula  is  ZrSi04. 

MINERALS  ASSOCIATED  WITH    RUBIES   FROM   COWEE  VALLEY. 

A  list  of  the  minerals  found  with  the  rubies  in  the  gravels  of  Caler 
Fork  of  Cowee  Creek  is  given  here  for  the  reason  that  many  of  them  may 
be  found  to  be  true  associated  minerals  of  corundum  when  tlie  origin  of 
the  rubies  has  been  determined.  The  possibility  that  these  originated 
from  a  hornblende-eclogite  makes  it  very  probable  that  many  of  the 
minerals  in  this  list  will  be  found  to  be  component  parts  of  the  same 
rock.  Some  of  the  minerals  are  especially  characteristic  ones,  such  as 
are  formed  by  contact  metamorphism. 

The  minerals  found  are:  gold,  pyrite,  chaloopyrito,  nickeliferous 
pyrrhotite,  sphalerite  (blende),  sperrylite  (the  rare  platinum  arsenide), 
ilmenite  or  menaccanite,  rutile,  bronzite  (in  clear  transparent  masses  or 
fragments),  hornblende  (a  rich  soda  variety),  zircon  (in  very  brilliant 
colorless  and  reddish  crystals,  0.5  to  2  mm.  in  length  and  perfect  in  their 
development),  sillimanite,  cyanite,  staurolite  (in  clear  transparent  frag- 
ments), iolite  (colorless),  and  monazite. 


CHAPTER  X. 

OEIGIN  OP  CORUNDUM. 

ARTIFICIAL    PRODUCTION    OF    CORUNDUM. 

Corundum  has  been  produced  synthetically  by  several  methods  and  the 
results  are  very  satisfactory,  the  mineral  having  been  obtained  in  many 
forms  and  colors.  The  artificial  production  of  the  corundum  gems  was 
the  first  problem  that  attracted  the  attention  of  workers  in  this  line,  and 
splendid  results  have  been  obtained  in  the  manufacture  of  sapphires  and 
rubies.* 

In  1837  and  later  in  1857,  Gaudin  *  found  that  upon  heating  a  closed 
crucible  containing  equal  parts  of  alum,  sulphate  of  potash,  and  charcoal 
before  the  oxyhydrogen  blowpipe,  corundum  was  one  of  the  products  of 
the  reaction. 

In  1851  De  S6narmont*  obtained  rhombohedrons  of  corundum  by 
heating  a  solution  of  aluminum  chloride  or  nitrate  in  a  sealed  tube  to  a 
temperature  of  350**  C.  During  the  same  year  Ebelmann*  produced 
hexagonal  plates  of  corundum  by  exposing  to  a  very  high  temperature  in 
a  porcelain  kiln  a  platinum  crucible  containing  one  part  of  amorphous 
alumina  and  three  or  four  parts  of  borax.  Carbonate  of  soda  may  replace 
the  borax  in  this  production  of  corundum.  By  the  addition  of  small 
quantities  of  different  metallic  oxides,  various  colors  of  corundum  were 
obtained. 

Eisner  *  obtained  red  ciystalline  grains  of  corundum  by  fusing,  before 
the  oxyhydrogen  blowpipe,  anhydrous  alumina  with  bichromite  of  potash. 

Saint-Claire  Deville  and  Caron*  in  1868  produced  magnificent  hexa- 

^  Encyclopedie  Chlmlque,  Tome  II.  Reproduction  Artlficlelle  des  Mlneraux,  par  M.  L. 
Bourgeois :  and  Trans.  N.  Y.  Acad.  Scl.,  Oct.  4,  1886,  On  the  New  Artificial  Rabies, 
by  G.  F.  Kunz. 

» Comptes  Rendus,  Vol.  IV,  1837,  p.  999  ;  Vol.  XLIV,  p.  716 ;  L.  Inst.,  Vol.  XXV,  p. 
110;  J.  Prakt.  Chem.,  Vol.  LXX,  p.  381  ;  Bull.  Univ.  de  Generl,  XXXIV,  p.  68;  and  Jahr. 
f.  Mln.,  1857,  p.  444.     Forqu§  and  L^vy,  Synth.  Mln.  et  Roches,  p.  218. 

» Comptes  Rendus,  Vol.  XXXII,  1851,  p.  762 ;  L.  Inst,  1851,  p.  165 ;  Ann.  Chem. 
Phar..  Vol.  LXXX.  p.  214  ;  and  Phar.  Centl..  1851,  p.  518. 

*Ann.  de  Phys.  et  de  Chimie,  1851,  Vol.  XXXIII,  p.  34. 

'Jour.  Prakt.  Chem.,  Vol.  XVII.  p.  175. 

•  Comptes  Rendus,  1858.  Vol.  XLVI,  p.  7G4  :  L.  Inst.,  1858.  p.  133  ;  Ann.  Chem.  Phar., 
Vol.   CVIII.   p.  55;  Duglpal.  Jour..  Vol.   CXLVIII,   p.   372;  and  J.  Prakt.   Chem..  Vol. 

LXXIV,  p.  157. 
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gonal  plates  of  corundum  by  heating  at  a  white  heat  for  an  hour  anhy- 
drous aluminum  fluoride  in  the  bottom  of  a  charcoal  crucible,  suspended 
in  the  center  of  which  was  a  cupel  of  the  same  material  filled  with  boracic 
acid.  By  adding  a  little  chromium  fluoride  in  varying  amounts,  red,  blue, 
or  green  corundum  was  obtained. 

In  the  year  1861  Debray,'  found  that  corundum  was  formed  by  passing 
a  slow  current  of  hydrochloric  acid  over  ahiminate  of  soda  at  a  red  heat, 
or  over  a  mixture  of  aluminum  phosphate  and  lime.  He  also  produced 
crystals  of  corundum  by  melting  phosphate  of  alumina  with  3  or  4  times 
its  weight  of  potassium  or  sodium  sulphate. 

M.  Hautefeuille "  in  1865  produced  corundum  crystals  by  passing  hy- 
drofluoric acid  gas  slowly  over  amorphous  alumina  heated  to  a  bright  red 
heat  in  a  platinum  tube,  the  gas  having  been  previously  diluted  with 
nitrogen  and  steam. 

Gaudin,*  in  1869,  obtained  corundum  by  the  decomposition  of  potash 
alum  by  charcoal;  and  also  by  fusing  amorphous  alumina  in  the  oxyhy- 
drogen  blowpipe  flame.  The  fusion  when  cooled  has  the  hardness  of 
corundum,  but  a  specific  gravity  of  only  3.45. 

Premy  and  Feil"  produced  conindum  in  1877  by  the  action  of 
minium  (2PBO.Pb02)  and  alumina  in  siliceous  earthen  crucibles,  by  the 
fusion  of  which  a  lead  aluminate  was  formed  and  this,  uniting  with  the 
silica  of  the  crucible  to  form  a  lead  glass,  liberated  the  alumina,  which 
crystallized  out  as  corundum  in  hexagonal  plates.  The  specific  gravity 
of  these  crystals  was  4.0-4.1.  By  the  addition  of  a  chromium  salt,  a 
ruby  corundum  was  produced  which  had  the  color  and  hardness  of  the 
natural  ruby  and  which,  like  this,  was  decolorized  temporarily  by  heating. 
They  also  obtained  corundum,  in  the  form  of  sharply  crystallized  rubies, 
by  fusing  together  equal  weights  of  alumina  and  barium  fluoride  with  a 
little  potassium  bichromate  in  a  clay  crucible  covered  with  another  in- 
verted. 

In  1880,  St.  Meumer,"  by  heating  aluminum  chloride  and  water  vapor 
with  either  magnesium  or  zinc  to  redness  in  a  porcelain  tube,  obtained 
minute  crystals  which  were  thought  to  be  corundum  but  which  were  too 
small  for  exact  determination. 

In  1882,  H.  Grandeau  "  obtained  corundum  in  the  same  manner  as 

7  Comptes  Rendus,  Vol.  LIT,  1861,  p.  985 ;  L.  Inst,  1861,  p.  165 ;  Ann.  Chem.  Phar., 
Vol.  CXX,  p.  184  ;  Jahrb.  ftlr  Mln.,  1861,  p.  702 ;  Bull.  Soc.  Chem.,  1865. 
■  Ann.  Chlm.  Phys.,  Vol.  IV,  1865,  p.  153. 

*  Comptes  Rendus,  Vol.  LXIX,  1869,  p.  1342 ;  and  Dana  Mln.,  1892,  p.  218. 
10  Comptes  Rendus,  Vol.  LXXXV,  1877,  p.  1029 ;  and  Dana  Mln.,  1892,  p.  213. 
>^  Comptes  Rendus,  Vol.  XC,  1880,  p.  701. 
"Comptes  Rendus.  Vol.  XCV,   1882,  p.  921. 
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Williams,*'  whose  invostigations  are  in  accord  with  the  conclusions  stated 
above — that  tlie  feldspar  is  older  than  the  olivine  and  separated  out  from 
the  still  molten  magnesian  magma.  He  says: "  "  The  structure  of  these 
rocks  is  therefore  quite  an  exceptional  one  for  the  family  of  peridotitos; 
first,  on  account  of  the  porphyritic  character,  which  is  rare  in  members 
of  this  class,  and  second,  because  of  the  unusual  jwsition  of  the  olivine  in 
the  ground  mass,  indicating  that  it  is  here  the  youngest  instead  of  the 
oldest  constituent,  as  is  generally  the  case." 

Morozewicz**  has  recentlv  described  the  formation  of  corundum  from 
a  nuFulKT  of  magmas  that  were  supersaturated  with  alumina.  The  super- 
saturated aluminum-silicate  magmas  had  the  general  composition  MeO.- 
mAKOj.nSiOo  (Me^Kj,  Na.^.,  Ca,  and  n=r2-13).  In  these  magmas, 
on  cooling,  all  the  excess  of  alumina  (ov(t  jh  =z  1)  separates  out  in  the 
form  of  corundum  crystals,  this  taking  plaw  when  magnesia  and  iron 
were  not  present. 

In  these  experiments  the  silicates  that  were  used  to  form  the  magmas 
were  for  the  most  part  those  of  calcium,  sodium,  and  potassium.  When 
alumina  was  present  in  them  in  excess  of  m  =  1,  it  would  separate  out 
in  the  form  of  corundum ;  hut  when  the  magma  was  not  saturated  with 
alumina  or  in  was  equal  to  1  or  less,  all  the  alumina  was  usi»d  up  in  the 
forFiiation  of  double  silicates.  When  magnesia  was  present,  the  excess 
of  alumina  united  with  the  magnesia  to  form  the  mineral  spinel,  and  if 
not  enough  magnesia  was  present  to  unite  with  all  of  the  alumina,  some 
corundum  was  formed,  ^\^len  there  was  an  excei^s  of  silica,  or  n  was 
gn'atcr  than  0,  tlu?  excess  of  alumina  united  wnth  the  silica  to  form  the 
mineral  sillimanite  and  the  over  excess  of  alumina  separated  out  as  cor- 
undum. When,  however,  magnesia  and  iron  were  present  with  the  excess 
of  silica  and  alumina,  cordieritc  and  spinel  were  the  minerals  formed. 

From  iheso  experiments  it  would  seem  that,  where  a  magma  is  composed 
of  silicat(*s  of  the  alkali  and  alkali-earth  metals,  sodium,  potassium,  and 
calcium,  the  alumina  dissolved  in  this  magma  will  to  a  certain  point 
unite  to  form  double  silicates  of  alumina  with  these  other  bases;  but 
when  the  ratio  of  alumina  to  these  bases  is  great(»r  than  1,  the  ext»ess 
of  alumina  will  separate  out  as  corundum  except  when  influenced  as  just 
described.  ^lagnesia,  it  would  seem,  does  not  have  so  strong  an  affinity 
for  silica,  and  when  ]»resent  in  the  magmas,  influences  the  separation  of 
alumina  as  an  aluminate  of  magnesium,  i.  e.,  in  the  formation  of  the 

*•  BuU.    r.    S.   (;('(»!.    Siirvoy    No.   2S. 

*^  n.ld..  p.  5.'t. 

♦"  Tsolu'rmnk'M  Mln.  ii.  IVtrojjr.  Mltth(*ilun«<*n.  Vol.  XVIII.  ISOm.  pp.  l-l)o  and  105-240. 
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mineral  spinel,  or  if  there  is  an  excess  of  both  alumina  and  silica  in  the 
presence  of  iron,  in  the  formation  of  the  mineral  cordierite. 

In  some  earlier  experiments,  Morozewicz  "*  has  shown  that  alumina  will 
readily  dissolve  in  a  molten  magma  having  a  composition  approximately 
that  of  the  basic  magnesian  rocks,  and  that  upon  cooling  the  alumina  sep- 
arates out  as  corundum  and  spinel. 

The  alumina  and  the  magnesia  seem  to  have  but  little  tendency  to 
unite  to  form  double  silicates  except  where  the  magma  contains  but  little 
magnesia  and  some  iron,  when  the  mineral  cordierite  is  formed;  nor  do 
these  unite  to  form  the  mineral  spinel  (MgO.AloOg),  except  when  there 
is  an  excess  of  MgO,  when  some  spinel  is  formed ;  but  the  greater  portion 
of  alumina  separates  as  corundum.  This  would  seem  to  show  that  the 
aflSnity  of  magnesium  for  silica  to  form  a  silicate  is  stronger  than  for 
alumina  to  form  an  aluminate. 

SUMMARY. 

From  what  has  been  observed  in  nature  and  from  experiments  that  have 
been  made  in  the  laboratory,  it  seems  that  the  separation  of  alumina  as 
corundum  from  molten  magmas  is  dependent  upon  the  composition  of  the 
chemical  compounds  that  are  the  bases  of  the  magmas,  upon  the  oxides 
that  are  dissolved  with  the  alumina  in  the  magma,  and  upon  the  amount 
of  alumina  itself. 

1.  When  the  magma  is  a  calcium-sodium-potassium  silicate,  no  alumina 
held  in  solution  by  such  a  magma  will  separate  out  as  corundum  except 
when  the  ratio  of  the  alumina' to  the  other  bases  is  more  than  1:1  and 
the  ratio  of  the  silica  is  less  than  6. 

2.  If  magnesia  and  iron  are  present  in  the  above  magma,  corundum 
will  not  form  unless  there  is  more  than  enough  alumina  to  unite  with 
the  magnesia  and  iron. 

3.  When  the  magma  is  a  magnesium  silicate  without  excess  of  mag- 
nesia, all  the  alumina  held  by  such  a  magma  will  separate  out  as  cor- 
undum. 

4.  Where  the  magma  is  a  magnesium  silicate  with  excess  of  magnesia, 
this  excess  will  unite  with  a  portion  of  the  alumina  to  form  spinel  and  the 
rest  of  the  alumina,  if  any  remains,  will  separate  out  as  corundum. 

5.  Where  there  is  chromic  oxide  present  in  a  magma  composed  essenti- 
ally of  a  magnesium  silicate  (as  the  peridotite  rocks)  and  only  a  very 
little  alumina  and  magnesia  are  present,  these,  uniting,  separate  out  with 
chromic  oxide  to  form  the  mineral  chromite  and  no  corundum  or  spinel 
is  formed. 

■•Zeltschr.  fUr  Kryst.  Vol.  XXIV.  p.  281,  1895. 
23 
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Williams,"  whose  investigations  are  in  accord  with  the  conclusions  stated 
above— that  the  feldspar  is  older  than  the  olivine  and  separated  out  from 
the  still  molten  magnesian  magma.  He  says :  *  "  The  structure  of  these 
rocks  is  therefore  quite  an  exceptional  one  for  the  family  of  peridotites: 
first,  on  account  of  the  porphyritic  character,  which  is  rare  in  members 
of  this  class,  and  second,  because  of  the  unusual  position  of  the  olivine  in 
the  ground  mass,  indicating  that  it  is  here  the  youngest  instead  of  the 
oldest  constituent,  as  is  generally  the  case." 

Morozewicz*  has  recentlv  described  the  formation  of  corundum  from 
a  number  of  magmas  that  were  supersaturated  with  alumina.  The  super- 
saturated aluminum-silicate  magmas  had  the  general  composition  MeO.- 
mAUOj.nSiOj  (Me  =  Ko,  Na.,  Ca,  and  n  =  2-13).  In  these  magmas, 
on  cooling,  all  the  excess  of  alumina  (over  7w  =  1)  separates  out  in  the 
fonu  of  corundum  crystals,  this  taking  place  when  magnesia  and  iron 
were  not  present. 

In  these  experiments  the  silicates  that  were  used  to  form  the  magmas 
were  for  the  most  part  those  of  calcium,  sodium,  and  potassium.  When 
alumina  was  present  in  them  in  excess  of  w  :=  1,  it  would  separate  out 
in  the  form  of  corundum ;  hut  when  the  magma  was  not  saturated  with 
alumina  or  vi  was  equal  to  1  or  less,  all  the  alumina  was  used  up  in  the 
formation  of  double  silicates.  When  magnesia  was  present,  the  excess 
of  alumina  united  with  the  magnesia  to  form  the  mineral  spinel,  and  if 
not  enough  magnesia  was  present  to  unite  with  all  of  the  alumina,  some 
corundum  was  formed.  When  there  was  an  excess  of  silica,  or  n  was 
gn*ator  than  6,  the  excess  of  alumina  united  with  the  silica  to  form  the 
mineral  sillimanite  and  the  over  excess  of  alumina  separated  out  as  cor- 
undum. When,  however,  magnesia  and  iron  were  present  with  the  excess 
of  silica  and  alumina,  cordierite  and  spinel  were  the  minerals  formed. 

From  these  experiments  it  would  set^n  that,  where  a  magma  is  composed 
of  silicates  of  the  alkali  and  alkali-earth  metals,  sodium,  potassium,  and 
calcium,  the  alumina  dissolved  in  this  magma  will  to  a  certain  point 
unite  to  form  double  silicates  of  alumina  with  these  other  bases;  but 
whi'n  the  ratio  of  alumina  to  these  bases  is  greater  than  1,  the  excess 
of  alumina  will  separate  out  as  corundum  except  when  influenced  as  just 
described.  iMagnesia,  it  would  seem,  does  not  have  so  strong  an  afl&nity 
for  silica,  and  when  present  in  the  magmas,  influences  the  separation  of 
alumina  as  an  aluminate  of  niagnosium,  i.  e.,  in  the  formation  of  the 

*"  BuU.   r.   S.   (W<*\.   S«irv»'v   No.   2S 
«  Ibid.,  p.  53. 

«  Tsolu'rmaks  Min.  u.  Petrocr.  MltthellunKt-n.  Vol.  XVIII.  1S98.  pp.  1-90  and  105-t4a 
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ORIGIN   OF  CORUNDUM    IN    PERIDOTITES. 

REVIEW  OF  LITERATURE. 

In  1872,  Dr.  C.  U.  Sheppard,"*  in  an  extended  article  on  the  corundum 
of  North  Carolina  and  Georgia,  describes  the  occurrences  of  corundum 
and  chrysolite,  the  associated  minerals  and  what  he  calls  the  develop- 
ment of  the  "  strata  "  which  exhibit  the  following  order  of  formations : 
"  (1)  Chrysolitic  rock  somewhat  mixed  with  anthophyllite ;  (2)  a  layer 
of  micaceous  rock;  (3)  a  seam  of  chalcedony;  (4)  a  stratum  of  chloritic 
rock  (ripidolite) ;  (5)  the  same  through  which  the  corundum  is  regu- 
larly diffused  sometimes  in  narrow  veins  or  widening  out  to  several  feet." 
Nowhere  in  this  article  does  he  suggest  the  probable  origin  of  the  cor- 
undum. 

Dr.  J.  Lawrence  Smith,**  in  describing  the  occurrence  of  corundum 
associated  with  the  peridotites  of  North  Carolina  and  Georgia,  states  that 
all  the  localities  of  corundum  that  he  has  observed  or  examined  exhibit 
certain  prominent  characteristics  common  to  all,  but  that  each  locality  has 
its  own  peculiar  characteristics.  He  says  that  in  all  cases,  however,  the 
masses  of  corundum  give  evidence  of  having  been  formed  by  a  process  of 
segregation,  which  he  has  described  in  a  memoir,'^  on  the  Asia  Minor 
emery ;  that  by  the  exercise  of  homogeneous  and  chemical  attractions,  the 
minerals  which  constitute  and  are  associated  with  emery  were  separated 
out  from  the  calcareous  rock  before  it  consolidated. 

Dr.  F.  A.  Genth,"  although  not  touching  directly  on  the  origin  of  cor- 
undum or  giving  any  evidence  to  sustain  his  statement,  says,  "  that  at  the 
great  period  when  the  chromiferous-chrysolite  beds  were  deposited  a  large 
quantity  of  alumina  was  separated,  which  formed  beds  of  corundum." 
This  corundum"" has  subsequently  been  acted  upon  and  altered  and  changed 
into  various  minerals:  that  the  "veins"  of  chlorite,  etc.,  are  alterations 
of  the  original  mass  of  corundum  and  that  the  corundum  might  be  found 
in  a  less  altered  or  wholly  unaltered  condition  when  the  vein  was  explored 
below  the  action  of  surface  influences.  In  speaking  of  the  corundum 
crystals  imbedded  in  the  chlorite,  Dr.  Genth  says  the  crystals  "  appear  to 
have  formed  after  a  great  portion  of  the  original  corundum  had  changed 
into  chlorite,  as  if  there  had  been  an  excess  of  alumina  readv  for  combi- 
nation,  which,  not  finding  a  supply  of  the  requisite  amount  of  silicic 
acid  and  bases,  had  again  crystallized  as  corundum." 

*>Am.  Jour.   Sci.,  Vols.  Ill,  IV.  1872,  pp.  109-114,  175-177. 
«Am.  Jour.  Scl..  Vols.  III.  VI.  1873,  pp.  180-6. 
«  Am.  Jour.  Scl.,  2d  ser.,  Vol.  X,  1850,  p.  354. 

»  Proc.  Am.  Phil.  Soc,  Vol.  XIII,  1873,  pp.  361-406;  and  Am.  Journ.   Sci.,  3d  scr.. 
Vol.  VI,  1873,  pp.  461-462  (review). 


364      CORUNDUM  AND  PERIDOTITES  OF  WESTERN  NORTH  CAROLINA. 

G.  When  peridotite  magmas  contain,  besides  the  alumina,  oxides  of  the 
alkalies  and  alkali-earths,  as  soda,  potash,  and  lime,  a  portion  of  the 
alumina  is  used  in  uniting  with  these  oxides  and  silica  to  form  feldspar. 

7.  The  alumina  and  the  alkali  and  alkali-earth  oxides  have  a  strong 
tendency  to  unite  to  form  double  silicates  like  feldspars,  whether  such 
silicates  form  the  chief  minerals  of  the  resulting  rock  or  are  present  only 
in  relatively  small  amount ;  but  the  alumina  has  little  tendency  to  unite 
with  magnesia  to  form  double  silicates  when  the  magma  is  a  magnesium 
silicate. 

In  the  following  table  these  phenomena  have  been  summarized  in  a  way 
that  perhaps  makes  the  various  results  stand  out  more  prominently. 


Table  shotoing  separation  of  alumina  from  molten  magmas. 


Magma  silicates. 


Dissolved  oxides. 


Minerals  formed. 


Ca-  Na 
Silicates. 


-  K. 


,  AljOj :  R"  >  1  :  1 Corundum. 

+  excess  SiO, Sillimanite. 


Al,0„  MgO,  FeO Spinel. 

+  excess  A1,0, Corundum. 

-I-  excess  SiO^ Cordierite. 


(Mg,  Fe)  Si  O, 


Al,0,  \ 

No  excess  MgO  ( 


Corundum. 


Al,03 

!    +  excess  MgO Spinel. 

-f-  excess  AI3O3 Corundum. 


A  1,0,,  Cr,0,        1 
No  excess  MgO  j 


f  Corundum. 
\  Chroniite. 


Ai  n     I'r  n  /  Corundum. 

Ai,u„  L r.,u, I  Picotite. 

+  excessMgO \rl'"^1!^''- 

*  {^(hromite. 


CaO,  Na,0,  Al^O^,  SiO^ Plugioclase  feldspar. 

+  excess  Al.jOg.  ...    Corundum. 


*'  H  —  other  bases. 


Of  tlio  igneous  niagina.s  Ihtc  considered,  there  are  two  wliicli  are  very 
distinct  from  each  other  and  wliicli  mav  be  desi^niated  as  the  alkaline 
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series  and  the  lime-magnesia  series.  The  rocks  derived  from  the  latter 
are  free  from  alumina,  and  where  this  oxide  has  been  held  in  solution  in 
the  molten  magma  it  has  all  separated  out  either  as  corundum  or  spinel. 
In  the  rocks  of  the  first  series,  however,  it  is  only  the  excess  of  alumina 
that  has  separated  out  as  corundum,  by  far  the  larger  percentage  having 
united  with  the  alkaline  oxides  to  form  feldspar.  In  all  the  occurrences 
that  have  been  examined,  these  phenomena  have  been  constant. 

It  is  very  evident  that  there  are  magmas  that  contain  an  excess  of 
alumina,  just  as  there  are  magmas  that  contain  an  excess  of  silica,  and 
that  the  alumina  separates  out  as  corundum  according  to  the  same  laws 
that  govern  the  separation  of  silica  as  quartz  in  granitic  rocks,  but  not 
at  the  same  period  in  the  order  of  crystallization. 

The  same  general  laws,  given  above,  will  apply  to  the  separation  of  the 
alumina  as  corundum  in  the  amphibolites  and  pyroxenites  when  they  were 
in  a  molten  condition.  As  they  occur  for  the  most  part  in  narrow  dike- 
like formations  instead  of  lenticular  masses,  particularly  the  amphibo- 
lites, consolidation  would  be  so  rapid  that  the  corundum  would  be 
generally  distributed  through  them  rather  than  concentrated  along  their 
borders. 

ORIGIN  OF  CORUNDUM   IN  AMPHIB0LE-SCHI8T  OF  MACON  COUNTY. 

Tlie  occurrence  of  corundum  in  the  amphibole-schist  of  Cowee  Valley, 
Macon  County,  has  been  described  in  detail  on  page  217.  The  rock  is 
composed  chiefly  of  labradorite,  amphibole,  and  garnet,  with  staurolite 
and  rutile,  muscovite  and  biotite  as  accessory  minerals.  The  labradorite 
of  this  rock  is  often  broken,  exhibits  rolling  extinctions,  and  the  albite 
lamellae  are  curved  and  bent,  strongly  indicating  a  shearing  movement  in 
the  rock.  The  corundum  does  not  occur  in  crystals  but  in  small  frag- 
ments and  in  elongated  nodules,  which  are  cracked  and  seamed  as  if  they 
had  been  drawn  out  during  the  shearing  process.  The  staurolite  is  in 
rather  broad  irregular  grains,  and  the  rutile  is  in  small  irregular  grains 
and  well  crystallized  prisms. 

The  character  and  structure  of  this  rock  indicate  that  it  is  a  metamor- 
phosed igneous  rock  of  the  gabbroid  family.  During  metamorphism  the 
augite  of  the  gabbro  would  be  converted  into  the  brown  hornblende.  Any 
iron  ore  that  was  present  would  be  taken  up  by  the  hornblende  and 
garnet.  The  rutile  would  have  resulted  from  the  titanic  acid  that  is  a 
regular  component  of  the  iron  ores  in  such  gabbro  or  diabase  rocks. 
Staurolite  is  usually  a  product  of  metamorphism,  and  its  natural  home 
is  in  the  schistose  rocks.     Chemically  the  feldspar  has  suffered  the  least 
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(except  the  corundum),  and  shows  only  the  shearing  of  dynamic  pro- 
cesses. The  general  character  and  shape  of  the  corundum  would  indi- 
cate that  it  was  an  original  constituent  of  the  igneous  rock,  and  not 
formed  during  its  metamorphism. 

ORIGIN    OF  CORUNDUM    IN    QUARTZ-SCHIST  OF  CLAY  COUNTY. 

These  rocks  which  are  found  in  Clay  County,  N.  C,  and  Rabun  County, 
6a.,  are  described  at  length  on  pages  215,  216.  They  vary  from  a  normal 
gneiss  to  rocks  that  contain  little  or  no  feldspar  and  can  be  best  designated 
as  quartz-schist. 

Portions  or  bands  of  these  schists  are  corundum-bearing,  but  they  are 
irregularly  defined  and  gradually  merge  into  the  normal  rock.  Their 
relation  to  the  normal  schists  is  similar  to  that  which  the  garnet-bearing 
bands  of  a  gneiss  bear  to  the  normal  gneiss  in  which  they  occur.  They 
are  not  veins  in  any  sense  of  the  word,  but  are  simply  portions  of  the 
mass  of  crystalline  rock,  the  corundum  occuring  as  a  constituent  of  the 
rock. 

These  bands  can  be  traced  for  a  distance  of  5  or  6  miles  in  a  N.E.-S.W. 
direction,  sometimes  outcropping  continuously  for  nearly  a  mile.  The 
only  variation  that  has  been  observed  in  them  is  in  the  percentage  of 
corundum  and  garnet;  otherwise  they  are  identical.  The  corundum 
occurs  for  the  most  part  in  small  particles  and  fragments  that  have  no 
definite  shape  and  vary  from  a  gray,  white,  and  bluish-white  color  to 
almost  colorless.  It  is  also  in  crystals,  ranging  from  minute  ones  to  some 
that  are  2^  inches  long  and  about  one-half  an  inch  in  diameter,  which 
are  usually  fairly  well  developed  in  the  prismatic  zone. 

As  pointed  out  in  Chapter  I,  there  are  evidences,  such  as  the  presence 
of  graphite  and  limestone,  that  indicate  a  sedimentary  origin  for  many 
of  the  gneisses  and  schists  of  this  region.  It  is  probable  that  these  schists 
are  the  result  of  the  metamorphism  of  sandstones  and  shales  that  were 
formed,  perhaps  many  thousand  feet  in  thickness,  on  the  bed  of  the 
ancient  seaborder.  By  lateral  compression  these  have  been  folded  and 
raised  into  the  mountain  ranges  of  this  section;  and  at  the  same  time 
they  were  metamorphosed  into  crystalline  schists  and  gneisses.  That 
these  ranges  were  once  much  higher  than  they  are  now  is  very  evident 
from  the  granitic  areas  now  exposed,  which  are  of  deep-seated  origin. 
By  decomposition  and  erosion  the  mountains  have  been  worn  down  to 
their  present  condition,  thus  exposing  the  schists  in  contact  with  the 
granitic  masses  that  may  have  aided  in  their  metamorphism.  Some  of 
the  strata  were  rich  in  alumina,  which  not  improbably  was  in  the  fonn 
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of  bauxite,  and  during  their  metamorphism  the  excess  of  alumina  crystal- 
lized out  as  corundum.  This  mineral  has  crystallized  out  alon^  the  planes 
of  lamination,  so  that  during  the  subsequent  weathering  of  the  rock  the 
corundum  has  been  left  in  nodules,  studding  the  surface  of  the  rock  and 
giving  it  the  appearance  of  containing  a  high  percentage  of  this  mineral. 
This  view  of  the  conversion  of  rich  aluminous  deposits  into  corundum 
is  strengthened  by  the  experiments  made  in  the  artificial  production  of 
corundum  from  bauxite  by  means  of  very  great  heat  and  pressure  in  an 
electrical  furnace,  as  descril)ed  on  page  338. 


CHAPTER  XI. 

CORUNDUM  MINING  AND  MILLING. 

HISTORICAL  SKETCH. 

CORUNDUM  IN  THE  EAST. 

Just  how  early  in  history  corundum  was  known  has  not  been  deter- 
mined, but  the  very  earliest  records  show  that  the  ancients  were  familiar 
with  the  corundum  gems  ruby  and  sapphire.  Nothing,  however,  was 
known  of  corundum  as  an  abrasive  until  recent  years,  although  some  have 
been  led  to  the  belief  that  the  ancient  Egyptians  were  familiar  with  the 
use  of  emery,  from  the  perfection  of  the  engravings  on  their  monuments ; 
for  the  islands  of  the  Grecian  Archipelago,  which  contain  large  quan- 
tities of  emery,  were  accessible  to  them. 

The  early  Greeks  and  Romans  were  familiar  with  the  ruby  and  sapphire 
and  had  made  considerable  investigation  into  the  physical  properties  of 
these  gems,  and  had  also  described  their  mode  of  occurrence. 

The  first  known  deposits  of  corundum  in  quantity  that  would  be  of 
value  as  an  abrasive  were  those  of  the  emery  fields  of  the  islands  of  the 
Grecian  Archipelago,  and  up  to  1847  all  the  corundum  used  as  an 
abrasive  was  obtained  from  these  islands,  principally  from  the  Island  of 
Naxos.  In  that  year.  Dr.  J.  Lawrence  Smith,  the  American  pioneer  in 
corundum  mining,  in  the  employ  of  the  Turkish  government,  discovered 
important  emery  deposits  in  Asia  Minor.  The  importance  of  this 
discovery  was  clearly  realized  when  in  1850,  on  account  of  the  working 
of  these  deposits  the  price  of  emery  dropped  from  $140.00  to  $70.00 
and  $50.00  a  ton.  Since  that  time  both  the  Turkish  and  Grecian  emeries 
have  been  mined  and  exported. 

In  India,  besides  the  deposits  of  gem  corundum,  there  have  been  known 
for  many  years  .various  localities  where  corundum  has  been  found  that 
was  not  of  the  sapphire  variety,  but  it  is  only  wuthin  the  past  few  years 
that  these  deposits  have  been  developed  and  the  corundum  has  been  mined 
and  exported  for  abrasive  purposes. 

AMERICAN   CORUNDUM. 

So  far  as  can  be  learned  from  the  literature  on  the  subject,  corundum 
was  not  known  in  America  before  1819.     In  that  vear,  Mr.  John  Dick- 
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son,  a  teacher,  of  Columbia,  South  Carolina,  sent  Prof.  Silliman  a  lot  of 
minerals  which  he  had  collected  on  a  tour  through  the  Carolinas. 
Among  these  there  was  a  regular  six-sided  crystal  of  blue  corundum 
three-fourths  of  an  inch  long  and  one  inch  in  diameter,  with  parting 
striae  developed  similar  to  the  East  Indian  corundum.  It  was  sent 
without  label,  and  in  reply  to  an  inquiry  as  to  its  locality,  Mr.  Dickson 
wrote :  *  "I  think  it  was  Laurens  district ;  at  all  events,  it  was  picked 
up  by  my  own  hands,  if  not  in  situ,  in  a  place  *  *  *  which  it  could  have 
reached  only  by  one  of  the  usual  and  natural  accidents  which  displace 
minerals  of  all  kinds  *  *  *  I  am  sure  it  is  American  and  Carolinian." 

In  1822,  both  Edward  Hitchcock  *  and  Parker  Cleaveland  *  described 
a  mass  of  cyanite  found  at  Litchfield,  Conn.,  ^^  associated  with  talc,  sul- 
phuret  of  iron,  and  corundum  *  *  *  supposed  to  weigh  1500  pounds.^' 
The  corundum  was  massive  and  in  six-sided  prisms,  of  a  dark  grayish  blue 
color,  and  imbedded  in  cyanite.  Both  of  these  authors  attribute  their 
information  to  Mr.  John  P.  Brace. 

In  1825  Samuel  Robinson  *  mentioned  corundum  in  the  list  of  min- 
erals occurring  in  the  vicinity  of  Franklin,  N.  J. 

In  April,  1827,  at  a  meeting  of  the  Lyceum  of  Natural  History,  New 
York,  "  Major  Delafield  *  *  *  *  exhibited  crystals  of  Sapphire  from 
Newton,  Sussex  County,  New  Jersey."  In  1832,  Dr.  Fowler '  described 
this  locality,  pointing  out  the  geologic  and  mineralogic  relations  of  the 
corundum.     It  is  found  along  the  border  of  crystalline  limestone. 

According  to  Mr.  W.  W.  Jeflfries,  as  quoted  by  Mr.  Joseph  Willcox, 
Messrs.  John  and  Joel  Baily  claim  to  have  discovered  corundum  in  the 
serpentine  region  of  Chester  County,  Pennsylvania,  about  1822  to  1825. 
Dr.  Thomas  Seal  collected  specimens  at  Unionville  about  1832,  and  Mr. 
Jeffries  himself  saw  large  lumps  in  the  fields  there  in  1837  or  1838.* 
A  ton  of  surface  fragments  and  boulders  was  collected  about  1839  and 
shipped  to  Liverpool.  But  the  search  for  the  source  of  this  material  was 
unsuccessful  till  1875,  when  a  large  lenticular  mass  was  found  in  place. 
This  consisted  chiefly  of  corundum  and  margarite  and  carried  some 
fine  specimens  of  diaspore.' 

In  1837,  Prof.  J.  D.  Dana,'  after  describing  the  occurrence  at  Newton, 

»  Am.  Jour.  Scl.,  let  eer.,  Vol.  Ill,  1821,  pp.  4,  229,  230. 

*  Am.    .Tour.    Scl.,    Ist    ser.,    Vol.    VI,    1823,    p.    219 ;    Cleaveland's    Mineralogy    and 
Geology,  Boston,  1822. 

'  A  catalogue  of  American  Minerals  and  their  localities.  Boston,  1825,  p.  165. 
*Am.  Jour.  Scl.,  1st  ser..  Vol.  XIII,  1828,  p.  380. 

*  Am.  Jour.  Scl..  1st  ser..  Vol.  XXI,  1832,  pp.  319,  320. 

«  Second  Geol.  Survey  Pennsylvania.  C  4,  1883,  pp.  346.  351. 
^  Second  Geol.  Survey  Pennsylvania,  B,  1875,  pp.  31-33. 
'System  of  Mineralogy.  1st  ed.,  1887,  p.  880. 


350      CORUNDUM  AND  PERIDOTITES  OF  WESTERN  NORTH  CAROLINA. 

At  the  various  peridotite  localities  in  North  Carolina  the  following 
associations  have  been  observed : 

1.  Peridotite  rocks  containing  small  particles  and  grains  of  chromite, 
but  no  corundum  or  spinel. 

2.  Peridotites  containing  deposits  of  chromite  (which  upon  analysis 
showed  a  variable  per  cent  of  alumina  and  magnesia),  but  no  corundum 
or  spinel. 

3.  Peridotites  containing  chromite,  corundum,  and  spinel. 

4.  Peridotites  containing  chromite  and  corundum,  but  no  spinel. 

5.  Peridotites  containing  corundum  and  feldspar. 

1  and  2.  All  the  chromite  analyses  that  have  been  examined  except  two 
show  the  presence  of  alumina  and  magnesia  in  varjdng  amounts.  In 
some  of  them  the  percentage  of  alumina  and  magnesia  is  ver}'  large  and 
where  in  ordinan-  chromite  the  formula  may  be  represented  by  9(FeO.Cr2 
O3),  (MgO.CrjOj),  2(MgO.Al208) ;  at  one  locality  near  Webster,  Jackson 
County,  a  chromite  (mitchellite),  was  found  which  had  the  formula 
(FeO.Cr.Os),  (MgO.Cr.Oa),  SCMgO-AlgOg),  as  described  on  page  280. 
When  these  rocks  contain  considerable  chromite  there  is  usually  no 
corundum  present,  or  at  most  but  a  trace;  and  when  there  is  but  little 
alumina  and  only  a  small  excess  of  magnesia  in  a  peridotite  magma  con- 
taining considerable  chromic  oxide,  it  would  seem  from  what  has  been 
said  above  regarding  the  analyses  of  chromite,  that  they  unite  to  form  the 
spinel  molecule,  which  instead  of  separating  out  independently  as  the 
mineral  spinel,  enters  into  combination  with  the  FeO.CrgOj  molecule  of 
the  mineral  chromite  (see  chapter  on  Origin  of  Chromite,  page  369). 

3.  At  a  few  of  the  peridotite  localities  both  corundum  and  spinel  have 
been  found,  as  at  the  Corundum  Hill  mine,  where  a  fine-grained,  almost 
black  spinel  occurs,  through  which  is  scattered  particles  and  masses  of 
corundum ;  and  at  the  Carter  mine  near  Democrat,  where  there  is  a  great 
abundance  of  corundum  and  a  green-black  spinel.  Peridotite  magmas 
of  this  type,  it  would  seem,  contained  an  excess  of  magnesia,  which 
united  with  a  portion  of  the  alumina  present  to  form  tlic  molecule  MgO.- 
AUOg,  which  separated  out  as  spinel.  The  remaining  portion  of  the 
alumina  formed  corundum. 

Undoubtedly  there  is  a  stron«i:  aftinity  between  magnesia  and  alumina, 
which  tends  to  form  tlie  spinel  molecule;  but  in  these  peridotite  magmas 
it  is  only  the  excess  of  nm<rnesia  over  that  required  for  the  normal  magnes- 
ium silicates  that  has  united  with  the  alumina.  Exce])t  alteration  pro- 
ducts, there  are  no  alumina-magnesia  silicates  found  in  these  rocks,  show- 
\n^  that  in  magmas  of  this  type  the  alumina  has  no  tendency  to  unite 
with  the  magnesia  to  form  double  silicates.    When,  however,  the  magma  is 
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composed  largely  of  calcium-aluminum  silicates  with  but  little  magnes- 
ium, there  are  developed  magnesium-aluminum  silicates,  as  in  the  trocto- 
lites  described  on  page  79. 

4.  At  most  of  the  peridotite  localities  no  spinel  at  all  has  been  observed, 
but  a  considerable  quantity  of  corundum  is  often  found.  The  chromite 
at  all  these  localities  shows  the  presence  of  a  certain  percentage  of  aluui- 
ina  and  magnesia.  Thus  the  small  excess  of  magnesia  unites  with  a 
definite  amount  of  alumina,  but  instead  of  separating  out  as  spinel,  it 
unites  with  the  chromite,  as  has  been  already  stated.  The  remaining 
and  greater  part  of  the  alumina  separates  out  as  corundum. 

5.  In  a  number  of  these  peridotite  formations  feldspar  has  been  found 
which  is  undoubtedly  one  of  the  original  minerals  of  the  rock  and  not 
a  secondary  product. 

At  the  Buck  Creek  mine.  Clay  County,  there  is,  at  one  of  the  contact 
corundum  veins,  a  large  amount  of  feldspar  and  hornblende  which  have 
separated  out  with  the  corundum;  again,  at  the  Bad  Creek  mine,  Sap- 
phire, Jackson  County,  the  corundum  is  found  associated  with  feldspar 
and  biotite  mica.  In  both  places  they  are  lime-soda  feldspars,  and  this 
occurrence  of  feldspar  and  corundum  in  a  peridotite  rock  indicates  that 
the  molten  magma  contained  some  of  the  alkali  and  alkali  earth  oxides, 
as  XaoO,  K2O  and  CaO,  and  that  a  portion  of  the  alumina  united  in  the 
formation  of  the  feldspar  molecule  and  that  the  rest  of  it  separated  out 
as  corundum.  In  a  magma  of  this  type  there  is  present  a  large  amount 
of  magnesia  which  forms  the  magnesian  silicates  but  apparently  has  no 
tendency  to  unite  with  the  alumina  to  form  spinel ;  on  the  other  hand  the 
small  amount  of  the  alkalies  and  alkali-earth  oxides  do  unite  with  a 
definite  amount  of  the  alumina  to  form  feldspar.  This,  again,  would 
seem  to  indicate  that,  in  the  presence  of  a  certain  amount  of  alkali  and 
alkali-earth  oxides  and  silica,  if  there  is  enough  silica  to  unite  with  these 
oxides  and  the  magnesia,  the  magnesia  has  no  tendency  to  unite  with 
the  alumina  to  form  any  type  of  magnesia-alumina  minerals. 

That  the  feldspar  in  these  peridotites  is  contemporaneous  with  the 
corundum  and  not  due  to  its  alteration  is  clearly  demonstrated  by  the 
examination  of  specimens  showing  sharp  angular  masses  and  fragments 
of  corundum  embedded  in  the  feldspar,  and  also  the  intimate  mixture 
of  the  feldspar  and  corundum;  as  well  as  by  the  presence  of  the  large 
feldspar  individuals  in  a  ^^round-mass  of  the  finer  grained  olivine  in  the 
feldspathic  peridotites  and  the  troctolites.  This  is  well  illustrated  in  the 
microscopic  sections  of  Plates  XXXVII  and  XXXVIII,  and  also  by  a 
feldspathic   peridotite   of   eastern   Maryland    described   by    Dr.    G.    H. 
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Williams,"  whose  investigations  are  in  accord  with  the  conclusions  stated 
above — that  the  feldspar  is  older  than  the  olivine  and  separated  out  from 
the  still  molten  magnesian  magma.  He  says :  *  "  The  structure  of  these 
rocks  is  therefore  quite  an  exceptional  one  for  the  family  of  peridotites; 
first,  on  account  of  the  porphyritic  character,  which  is  rare  in  members 
of  this  class,  and  second,  because  of  the  unusual  position  of  the  olivine  in 
the  ground  mass,  indicating  that  it  is  here  the  youngest  instead  of  the 
oldest  constituent,  as  is  generally  the  case." 

Morozewicz**  has  recently  described  the  formation  of  corundum  from 
a  number  of  magmas  that  were  supersaturated  with  alumina.  The  super- 
saturated aluminum-silicate  magmas  had  the  general  composition  MeO.- 
mAljOa.nSiOj  (Me  =  Kg,  Nao,  Ca,  and  n  =  2-13).  In  these  magmas, 
on  cooling,  all  the  excess  of  alumina  (over  ?«  =  1)  separates  out  in  the 
form  of  corundum  crystals,  this  taking  place  when  magnesia  and  iron 
were  not  present. 

In  these  experiments  the  silicates  that  w^re  used  to  form  the  magmas 
were  for  the  most  part  those  of  calcium,  sodium,  and  potassium.  When 
alumina  was  present  in  them  in  excess  of  w  =  1,  it  would  separate  out 
in  the  form  of  corundum ;  but  when  the  magma  was  not  saturated  with 
alumina  or  m  was  equal  to  1  or  less,  all  the  alumina  was  usi»d  up  in  the 
formation  of  double  silicates.  When  magnesia  was  present,  the  excess 
of  alumina  united  with  the  magnesia  to  form  the  mineral  spinel,  and  if 
not  enough  magnesia  was  present  to  unite  with  all  of  the  alumina,  some 
corundum  was  formed.  When  there  was  an  excess  of  silica,  or  n  was 
greater  than  6,  the  excess  of  alumina  united  with  the  silica  to  form  the 
mineral  sillimanite  and  the  over  excess  of  alumina  separated  out  as  cor- 
undum. When,  however,  magnesia  and  iron  were  present  with  the  excess 
of  silica  and  alumina,  cordierite  and  spinel  were  the  minerals  formed. 

From  these  experiments  it  would  seem  that,  where  a  magma  is  composed 
of  silicates  of  the  alkali  and  alkali-earth  metals,  sodium,  potassium,  and 
calcium,  the  alumina  dissolved  in  this  magma  will  to  a  certain  point 
unite  to  form  double  silicates  of  alumina  with  these  other  bases;  but 
when  the  ratio  of  alumina  to  these  bases  is  greater  than  1,  the  exc^ess 
of  alumina  will  separate  out  as  corundum  except  when  influenced  as  just 
described.  Magnesia,  it  would  seem,  does  not  have  so  strong  an  affinity 
for  silica,  and  when  present  in  the  magmas,  influences  the  separation  of 
alumina  as  an  aluminate  of  magnesium,  i.  e.,  in  the  formation  of  the 

*^  Bull.   V.   S.  fJeoI.   Survey   No.  28. 

«  Ibid.,  p.  53. 

"  Tsohermak'.s  Mln.  u.  Tetropr.  Mltthellun^'en.  Vol.  XVIII,  1808.  pp.  1-90  and  105-240. 
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mineral  spinel,  or  if  there  is  an  excess  of  both  alumina  and  silica  in  the 
presence  of  iron,  in  the  formation  of  the  mineral  cordierite. 

In  some  earlier  experiments,  Morozewicz  "*  has  shown  that  alumina  will 
readily  dissolve  in  a  molten  magma  having  a  composition  approximately 
that  of  the  basic  magnesian  rocks,  and  that  upon  cooling  the  alumina  sep- 
arates out  as  corundum  and  spinel. 

The  alumina  and  the  magnesia  seem  to  have  but  little  tendency  to 
unite  to  form  double  silicates  except  where  the  magma  contains  but  little 
magnesia  and  some  iron,  when  the  mineral  cordierite  is  formed;  nor  do 
these  unite  to  form  the  mineral  spinel  (MgO.AlgOg),  except  when  there 
is  an  excess  of  MgO,  when  some  spinel  is  formed ;  but  the  greater  portion 
of  alumina  separates  as  corundimi.  This  would  seem  to  show  that  the 
aflBnity  of  magnesium  for  silica  to  form  a  silicate  is  stronger  than  for 
alumina  to  form  an  aluminate. 

SUMMARY. 

From  what  has  been  observed  in  nature  and  from  experiments  that  have 
been  made  in  the  laboratory,  it  seems  that  the  separation  of  alumina  as 
corundum  from  molten  magmas  is  dependent  upon  the  composition  of  the 
chemical  compounds  that  are  the  bases  of  the  magmas,  upon  the  oxides 
that  are  dissolved  with  the  alumina  in  the  magma,  and  upon  the  amount 
of  alumina  itself. 

1.  When  the  magma  is  a  calcium-sodium-potassium  silicate,  no  alumina 
held  in  solution  by  such  a  magma  will  separate  out  as  corundum  except 
when  the  ratio  of  the  alumina'  to  the  other  bases  is  more  than  1 :1  and 
the  ratio  of  the  silica  is  less  than  6. 

2.  If  magnesia  and  iron  are  present  in  the  above  magma,  corundum 
will  not  form  unless  there  is  more  than  enough  alumina  to  unite  with 
the  magnesia  and  iron. 

3.  When  the  magma  is  a  magnesium  silicate  without  excess  of  mag- 
nesia, all  the  alumina  held  by  such  a  magma  will  separate  out  as  cor- 
undum. 

4.  Where  the  magma  is  a  magnesium  silicate  with  excess  of  magnesia, 
this  excess  will  unite  with  a  portion  of  the  alumina  to  form  spinel  and  the 
rest  of  the  alumina,  if  any  remains,  will  separate  out  as  corundum. 

5.  Where  there  is  chromic  oxide  present  in  a  magma  composed  essenti- 
ally of  a  magnesium  silicate  (as  the  peridotite  rocks)  and  only  a  very 
little  alumina  and  magnesia  are  present,  these,  uniting,  separate  out  with 
chromic  oxide  to  form  the  mineral  chromite  and  no  corundum  or  spinel 
is  formed. 

■•Zeltschr.  ftlr  Kryst..  Vol.  XXIV,  p.  281,  1895. 
23 
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6.  When  peridotite  magmas  contain,  besides  the  alumina,  oxides  of  the 
alkalies  and  alkali-earths,  as  soda,  potash,  and  lime,  a  portion  of  the 
alumina  is  used  in  uniting  with  these  oxides  and  silica  to  form  feldspar. 

7.  The  alumina  and  the  alkali  and  alkali-earth  oxides  have  a  strong 
tendency  to  unite  to  fonn  double  silicates  like  feldspars,  whether  such 
silicates  form  the  chief  minerals  of  the  resulting  rock  or  are  present  only 
in  relatively  small  amount;  but  the  alumina  has  little  tendency  to  unite 
with  magnesia  to  form  double  silicates  when  the  magma  is  a  magnesium 
silicate. 

In  the  following  table  these  phenomena  have  been  summarized  in  a  way 
that  perhaps  makes  the  various  results  stand  out  more  prominently. 


Table  showing  separation  of  alumina  from  molten  magmas. 


Magma  silicatet. 


Ca  -  Na 
Silicates. 


-  K. 


(Mg,  Fe)  Si  O, 


Dissolved  oxides. 


Minerals  formed. 


AljOa :  R"  >  1  :  1 Corundum. 

+  excess  SiO, Sillimanite. 

A1,0„  MgO,  FeO Spinel. 

+  excess  A1,0, Corundum. 

-I-  excess  SiO, Cordierite. 

w^* „1««—  XM  /\\ Corundum. 

No  excess  MgO  j 

A  1,0, 

+  excess  MgO Spinel. 

+  excess  Al^Q, Corundum. 

A1,0„  Cr,0,        1  f  Corundum. 

No  excess  MgO  j (  Chromite. 

Ai  n     rv  n  (Corundum. 

Ai,u„  t  r./^ I  Picotite. 

— «^o {?r^r- 

CaO,  Na,0,  Al^Og,  SiO, Pla^ioclase  feldspar. 

+  excess  ALjOg.  ...    Corundum. 


"  R  -  other  basn'S. 


Of  the  igneous  magmas  here  considered,  there  are  two  which  are  very 
distinct  from  each  other  and  whicli  may  be  designated  as  the  alkaline 
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series  and  the  lime-magnesia  series.  The  rocks  derived  from  the  latter 
are  free  from  alumina,  and  where  this  oxide  has  been  held  in  solution  in 
the  molten  magma  it  has  all  separated  out  either  as  corundum  or  spinel. 
In  the  rocks  of  the  first  series,  however,  it  is  only  the  excess  of  alumina 
that  has  separated  out  as  corundum,  by  far  the  larger  percentage  having 
united  with  the  alkaline  oxides  to  form  feldspar.  In  all  the  occurrences 
that  have  been  examined,  these  phenomena  have  been  constant. 

It  is  very  evident  that  there  are  magmas  that  contain  an  excess  of 
alumina,  just  as  there  are  magmas  that  contain  an  excess  of  silica,  and 
that  the  alumina  separates  out  as  corundum  according  to  the  same  laws 
that  govern  the  separation  of  silica  as  quartz  in  granitic  rocks,  but  not 
at  the  same  period  in  the  order  of  crystallization. 

The  same  general  laws,  given  above,  will  apply  to  the  separation  of  the 
alumina  as  corundum  in  the  amphibolites  and  p3rroxenites  when  they  were 
in  a  molten  condition.  As  they  occur  for  the  most  part  in  narrow  dike- 
like formations  instead  of  lenticular  masses,  particularly  the  amphibo- 
lites, consolidation  would  be  so  rapid  that  the  corundum  would  be 
generally  distributed  through  them  rather  than  concentrated  along  their 
borders. 

ORIGIN  OF  CORUNDUM   IN  AMPHIB0LE-8CHI8T  OF  MACON  COUNTY. 

The  occurrence  of  corundum  in  the  amphibole-schist  of  Cowee  Valley, 
Macon  County,  has  been  described  in  detail  on  page  217.  The  rock  is 
composed  chiefly  of  labradorite,  amphibole,  and  garnet,  with  staurolite 
and  rutile,  muscovite  and  biotite  as  accessory  minerals.  The  labradorite 
of  this  rock  is  often  broken,  exhibits  rolling  extinctions,  and  the  albite 
lamellae  are  curved  and  bent,  strongly  indicating  a  shearing  movement  in 
the  rock.  The  corundum  does  not  occur  in  crystals  but  in  small  frag- 
ments and  in  elongated  nodules,  which  are  cracked  and  seamed  as  if  they 
had  been  drawn  out  during  the  shearing  process.  The  staurolite  is  in 
rather  broad  irregular  grains,  and  the  rutile  is  in  small  irregular  grains 
and  well  crystallized  prisms. 

The  character  and  structure  of  this  rock  indicate  that  it  is  a  metamor- 
phosed igneous  rock  of  the  gabbroid  family.  During  metamorphism  the 
augite  of  the  gabbro  would  be  converted  into  the  brown  hornblende.  Any 
iron  ore  that  was  present  would  be  taken  up  by  the  hornblende  and 
garnet.  The  rutile  would  have  resulted  from  the  titanic  acid  that  is  a 
regular  component  of  the  iron  ores  in  such  gabbro  or  diabase  rocks. 
Staurolite  is  usually  a  product  of  metamorphism,  and  its  natural  home 
is  in  the  schistose  rocks.     Chemically  the  feldspar  has  suffered  the  least 
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(except  tlie  corundum),  and  sliows  only  the  shearing  of  dynamic  pro- 
cesses. The  general  character  and  shape  of  the  corundum  would  indi- 
cate that  it  was  an  original  constituent  of  the  igneous  rock,  and  not 
formed  during  its  metamorphism. 

ORIGIN    OF  CORUNDUM    IN    QUARTZ-SCHIST   OF   CLAY  COUNTY. 

These  rocks  which  are  found  in  Clay  County,  N.  C,  and  Rabun  County, 
Ga.,  are  described  at  length  on  pages  215,  216.  They  vary  from  a  normal 
gneiss  to  rocks  that  contain  little  or  no  feldspar  and  can  be  best  designated 
as  quartz-schist. 

Portions  or  bands  of  these  schists  are  corundum-bearing,  but  they  are 
irregularly  defined  and  gradually  merge  into  the  normal  rock.  Their 
relation  to  the  normal  schists  is  similar  to  that  which  the  garnet-bearing 
bands  of  a  gneiss  bear  to  the  normal  gneiss  in  which  they  occur.  They 
are  not  veins  in  any  sense  of  the  word,  but  are  simply  portions  of  the 
mass  of  crystalline  rock,  the  corundum  occuring  as  a  constituent  of  the 
rock. 

These  bands  can  be  traced  for  a  distance  of  5  or  C  miles  in  a  N.E.-S.W. 
direction,  sometimes  outcropping  continuously  for  nearly  a  mile.  The 
only  variation  that  has  been  observed  in  them  is  in  the  percentage  of 
corundum  and  garnet;  otherwise  they  are  identical.  The  corundum 
occurs  for  the  most  part  in  small  particles  and  fragments  that  have  no 
definite  shape  and  vary  from  a  gray,  white,  and  bluish-white  color  to 
almost  colorless.  It  is  also  in  crystals,  ranging  from  minute  ones  to  some 
that  are  2^  inches  long  and  about  one-half  an  inch  in  diameter,  which 
are  usually  fairly  well  developed  in  the  prismatic  zone. 

As  pointed  out  in  Chapter  I,  there  are  evidences,  such  as  the  presence 
of  graphite  and  limestone,  that  indicate  a  sedimentary  origin  for  many 
of  the  gneisses  and  schists  of  this  region.  It  is  probable  that  these  schists 
are  the  result  of  the  metamorphism  of  sandstones  and  shales  that  were 
formed,  perhaps  many  thousand  feet  in  thickness,  on  the  bed  of  the 
ancient  seaborder.  By  lateral  compression  these  have  been  folded  and 
raised  into  the  mountain  ranges  of  this  section;  and  at  the  same  time 
they  were  metamorphosed  into  crvstalline  schists  and  gneisses.  That 
these  ranges  were  once  nnich  higher  tlian  they  are  now  is  very  evident 
from  the  granitic  areas  now  exposed,  which  are  of  deep-seated  origin. 
By  decomposition  and  erosion  the  mountains  have  been  worn  down  to 
their  present  condition,  thus  exposing  the  schists  in  contact  with  the 
granitic  masses  that  may  have  aided  in  their  metamorphism.  Some  of 
the  strata  were  rich  in  alumina,  which  not  improbably  was  in  the  form 
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of  bauxite,  and  during  their  metamorphism  the  excess  of  alumina  crystal- 
lized out  as  corundum.  This  mineral  has  crystallized  out  along  the  planes 
of  lamination,  so  that  during  the  subsequent  weathering  of  the  rock  the 
corundum  has  been  left  in  nodules,  studding  the  surface  of  the  rock  and 
giving  it  tlie  appearance  of  containing  a  high  percentage  of  this  mineral. 
This  view  of  the  conversion  of  rich  aluminous  deposits  into  corundum 
is  strengthened  by  the  experiments  made  in  the  artificial  production  of 
corundum  from  bauxite  by  means  of  very  great  heat  and  pressure  in  an 
electrical  furnace,  as  described  on  page  338. 


CHAPTER  XI. 

CORUNDUM  MINING  AND  MILLING. 

HISTORICAL  SKETCH. 

CORUNDUM  IN  THE  EAST. 

Just  how  early  in  history  corundum  was  known  has  not  been  deter- 
mined, but  the  very  earliest  records  show  that  the  ancients  were  familiar 
with  the  corundum  gems  ruby  and  sapphire.  Nothing,  however,  was 
known  of  corundum  as  an  abrasive  until  recent  years,  although  some  have 
been  led  to  the  belief  that  the  ancient  Egyptians  were  familiar  with  the 
use  of  emery,  from  the  perfection  of  the  engravings  on  their  monuments ; 
for  the  islands  of  the  Grecian  Archipelago,  which  contain  large  quan- 
tities of  emery,  were  accessible  to  them. 

The  early  Greeks  and  Romans  were  familiar  with  the  ruby  and  sapphire 
and  had  made  considerable  investigation  into  the  physical  properties  of 
these  gems,  and  had  also  described  their  mode  of  occurrence. 

The  first  known  deposits  of  corundum  in  quantity  that  would  be  of 
value  as  an  abrasive  were  those  of  the  emery  fields  of  the  islands  of  the 
Grecian  Archipelago,  and  up  to  1847  all  the  corundum  used  as  an 
abrasive  was  obtained  from  these  islands,  principally  from  the  Island  of 
Naxos.  In  that  year.  Dr.  J.  Lawrence  Smith,  the  American  pioneer  in 
corundum  mining,  in  the  employ  of  the  Turkish  government,  discovered 
important  emery  deposits  in  Asia  Minor.  The  importance  of  this 
discovery  was  clearly  realized  when  in  1850,  on  account  of  the  working 
of  these  deposits  the  price  of  emery  dropped  from  $140.00  to  $70.00 
and  $50.00  a  ton.  Since  that  time  both  the  Turkish  and  Grecian  emeries 
have  been  mined  and  exported. 

In  India,  besides  the  deposits  of  gem  corundum,  there  have  been  known 
for  many  years  .various  localities  where  corundum  has  been  found  that 
was  not  of  the  sapphire  variety,  but  it  is  only  within  tlie  past  few  years 
that  these  deposits  have  been  developed  and  the  corundum  has  been  mined 
and  exported  for  abrasive  purposes. 

AMERICAN   CORUNDUM. 

So  far  as  can  be  learned  from  the  literature  on  the  subject,  corundum 
was  not  known  in  America  before  1819.     In  that  year,  Mr.  John  Dick- 
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son,  a  teacher,  of  Columbia,  South  Carolina,  sent  Prof.  Silliman  a  lot  of 
minerals  which  he  had  collected  on  a  tour  through  the  Carolinas. 
Among  these  tliere  was  a  regular  six-sided  crystal  of  blue  corundum 
three-fourths  of  an  inch  long  and  one  inch  in  diameter,  with  parting 
striae  developed  similar  to  the  East  Indian  corundum.  It  was  sent 
without  label,  and  in  reply  to  an  inquiry  as  to  its  locality,  Mr.  Dickson 
wrote:*  *"  I  think  it  was  Laurens  district;  at  all  events,  it  was  picked 
up  by  my  own  hands,  if  not  in  situ,  in  a  place  *  *  *  which  it  could  have 
reached  only  by  one  of  the  usual  and  natural  accidents  which  displace 
minerals  of  all  kinds  *  *  *  I  am  sure  it  is  American  and  Carolinian." 

In  1822,  both  Edward  Hitchcock*  and  Parker  Cleaveland*  described 
a  mass  of  cyanite  found  at  Litchfield,  Conn.,  ^^  associated  with  talc,  sul- 
phuret  of  iron,  and  corundum  ♦  *  *  supposed  to  weigh  1500  pounds." 
The  corundum  was  massive  and  in  six-sided  prisms,  of  a  dark  grayish  blue 
color,  and  imbedded  in  cyanite.  Both  of  these  authors  attribute  their 
information  to  Mr.  John  P.  Brace. 

In  1825  Samuel  Eobinson  *  mentioned  corundum  in  the  list  of  min- 
erals occurring  in  the  vicinity  of  Franklin,  N.  J. 

In  April,  1827,  at  a  meeting  of  the  Lyceum  of  Natural  History,  New 
York,  "Major  Delafield*  ♦  ♦  *  exhibited  crystals  of  Sapphire  from 
Newton,  Sussex  County,  New  Jersey."  In  1832,  Dr.  Fowler'  described 
this  locality,  pointing  out  the  geologic  and  mineralogic  relations  of  the 
corundum.     It  is  found  along  the  border  of  crystalline  limestone. 

According  to  Mr.  W.  W.  JefEries,  as  quoted  by  Mr.  Joseph  Willcox, 
Messrs.  John  and  Joel  Baily  claim  to  have  discovered  corundum  in  the 
serpentine  region  of  Chester  County,  Pennsylvania,  about  1822  to  1825. 
Dr.  Thomas  Seal  collected  specimens  at  Unionville  about  1832,  and  Mr. 
Jeffries  himself  saw  large  lumps  in  the  fields  there  in  1837  or  1838.* 
A  ton  of  surface  fragments  and  boulders  was  collected  about  1839  and 
shipped  to  Liverpool.  But  the  search  for  the  source  of  this  material  was 
unsuccessful  till  1875,  when  a  large  lenticular  mass  was  found  in  place. 
This  consisted  chiefly  of  corundum  and  margarite  and  carried  some 
fine  specimens  of  diaspore.^ 

In  1837,  Prof.  J.  D.  Dana,'  after  describing  the  occurrence  at  Newton, 

»  Am.  Jour.  Scl.,  let  eer..  Vol.  Ill,  1821,  pp.  4,  229,  230. 

>  Am.    Jour.    Sci.,    1st    ser.,    Vol.    VI,    1823,    p.    219 ;    Cleayeland's    Mineralogy    and 
Geology,  Boston,  1822. 
'  A  catalogue  of  American  Minerals  and  their  localities.  Boston,  1825.  p.  165. 
*Am.  Jour.  Rcl.,  Ist  ser.,  Vol.  XIII,  1828,  p.  880. 

*  Am.  Jour.  Scl.,  Ist  ser..  Vol.  XXI.  1832.  pp.  319,  320. 

"  Second  Geol.  Survey  Pennsylvania.  C  4,  1883,  pp.  346,  351. 
^  Second  Geol.  Survey  Pennsylvania,  B,  1875,  pp.  31-33. 

*  System  of  Mineralogy.  1st  ed.,  1887,  p.  880. 
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N.  J.,  says  that  "  well-defined  crystals  of  a  bluish  and  pink  color  are 
found  in  a  similar  situation  at  Warwick,  N.  Y."  Professor  Dana  further 
states  that  "isolated  crystals  have  been  found  imbedded  in  the  soil  in 
North  Carolina,"  but  this  probably  refers  to  the  specimen  found  by  ilr. 
Dickson  in  South  Carolina,  the  names  of  the  states  being  confused. 

In  a  report  on  the  Mineralogy  of  Xew  York,  in  1842,  Dr.  Lewis  C. 
Beck  mentions  the  occurrence  of  corundum  in  the  white  limestone  near 
Amity,  in  Orange  County. 

The  first  discovery  in  North  Carolina  was  a  large  detached  block  of 
dark  blue,  laminated  corundum,  found  on  the  French  Broad  River,  3 
miles  below  Marshall,  in  Madison  County,  in  the  spring  of  1847.*  Gen. 
T.  C.  Clingman,  after  considerable  search,  found  another  piece  in  the 
same  vicinity  in  1848,  about  a  year  before  the  first  discovery  of  emery  in 
place  in  Asia  Minor  by  Dr.  J.  L.  Smith. 

In  1852  appeared  the  first  authenticated  record  of  the  occurrence  of 
corundum  in  Georgia,"  when  Mr.  Plant,  a  banker  of  Macon,  Georgia,  sent 
a  ruby  crystal  to  Prof.  Shepard,  at  Amherst.  This,  like  others,  had  been 
found  in  washing  for  gold.  , 

In  1852,  Mr.  W.  P.  Blake  "  described  corundum  from  the  new  locality 
at  Vernon,  Sussex  County,  New  Jersey.  In  the  spring  of  the  same  year. 
Dr.  C.  L.  Hunter"  discovered  corundum  and  emery  in  place  in  Qaston 
County,  North  Carolina. 

The  first  record  of  the  occurrence  of  corundum  in  Canada  is  in  1863. 
In  the  report  of  the  Geological  Survey  of  Canada  for  this  year,  p.  409, 
it  describes  the  occurrence  of  corundum  in  and  closely  associated  with 
the  limestone  of  Burgess. 

In  1864,  the  occurrence  of  emery  at  Chester,  Massachusetts,  was  pre- 
dicted by  Dr.  C.  T.  Jackson  from  his  discovery  there  of  margarite,  a 
mineral  which  Dr.  J.  L.  Smith  had  just  found  characteristic  of  the 
emery  deposits  of  Asia  Minor.  On  September  6  of  the  same  year,  Dr. 
H.  S.  Lucas"  discovered  the  emery  in  what  had  before  been  considered 
only  deposits  of  magnetic  iron  ore.  Two  years  later,  distinct  crystals  of 
corundum  were  found  in  the  same  deposits."  This  discovery  of  emery 
soon  led  to  active  mining,  the  first  of  its  kind  in  America.  This  min^ 
is  still  worked,  and  though  it  has  not  been  operated  continuously  from  the 
beginning,  it  is  still  the  main  producer  of  corundum  in  this  country. 

•Bull.  U.  S.  Geol.  Survey  No.  74,  1801,  pp.  203-301. 

"Am.  Jour.  Scl.,  3(1  ser.,  Vol.  IV,  1872,  p.  100,  and  Bull.  Geol.  Survey  Georgia,  Xo.  2, 
1804,  p.  18. 
"Am.  Jour.  Set.,  2d  ser..  Vol.  XIII.  1852,  p.  \Vi. 
«  Am.  Jour.  Scl.,  2d  ser..  Vol.  XV,  1853,  p.  370. 
"  The  exact  date  was  furiiished  by  Dr.  Lucas. 
"Am.  Jour.  Scl.,  2d  ser..  Vol.  XXXIX,  1865,  pp.  87-00:  Vol.  XLII,  1806,  p.  421. 
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In  1870,  Mr.  Hiram  Crisp  found  the  first  corundum  that  attracted 
attention  to  the  present  mining  region  of  North  Carolina,  at  what  is  now 
the  Corundum  Hill  mine  (PI.  XXV).  A  specimen  was  sent  to  Prof. 
Kerr,  then  State  Geologist,  for  identification,  and  considerable  interest 
was  aroused  when  it  was  discovered  that  it  was  corundum.  In  the 
same  year,  Mr.  J.  H.  Adams  "  found  corundum  in  a  similar  occurrence 
at  Pelham,  Massachusetts. 

In  1870-71,  much  activity  was  displayed  in  the  search  for  corundum 
in  the  peridotite  regions  of  the  southwestern  counties  of  North  Carolina, 
and  new  localities  were  soon  brought  to  light  in  Macon,  Jackson,  Bun- 
combe, and  Yancey  counties.  In  1871,  Dr.  Genth"  discovered  the  emery 
of  Guilford  Count}'.  About  this  time,  Mr.  Crisp  and  Dr.  C.  D.  Smith 
began  active  work  on  the  Corundum  Hill  property,  and  obtained  about  a 
thousand  pounds  of  corundum,  part  of  which  was  sold  to  collectors  for 
cabinet  specimens.  Some  of  the  masses  that  were  found  weighed  as  much 
as  40  pounds. 

Systematic  mining  for  corundum  did  not  begin  until  the  fall  of  1871, 
when  the  Corundum  Hill  property  (PL  XXXII)  was  purchased  by  Col. 
Chas.  W.  Jenks,  of  St.  Louis,  Missouri,  and  Mr.  E.  B.  Ward,  of  Detroit, 
Michigan,  and  work  was  soon  begun  under  the  superintendence  of  Col. 
Jenks.  This  was  the  first  systematic  mining  of  common  corundum,  as 
distinguished  from  emery  and  the  gem  varieties,  ever  undertaken,  while 
the  first  mining  of  the  emery  variety  of  corundum  in  America  was  at 
Chester,  Massachusetts. 

In  the  following  spring  (1872)  the  Laurel  Creek  or  Pine  Mountain 
mine,  in  Rabun  County,  Georgia,  was  opened  by  Col.  Jenks,  which  was 
the  beginning  of  corundum  mining  in  Georgia,  although  about  1870, 
at  nearlv  the  same  time  that  conmdum  was  first  found  at  Laurel  Creek, 
Mr.  William  R.  McConnell,  of  Hiwassee,  Towns  County,  had  obtained  a 
considerable  quantity  of  surface  corundum  on  his  estate.  In  the  spring 
of  1875  both  the  Corundum  Hill  and  Laurel  Creek  mines  passed  into  the 
hands  of  Dr.  H.  S.  Lucas,  of  Chester,  ^lassachusetts,  who  for  many 
years  was  the  main  promoter  in  extending  the  corundum  industry. 

These  two  localities.  Corundum  Hill  and  Laurel  Creek,  continued  to 
furnish  the  world's  supply  of  corundum  (except  emery)  until  1893, 
when  mining  was  discontinued  at  Laurel  Creek,  and  since  then,  until 
very  recently,  the  Corundum  Hill  mine  has  been  the  chief  producer. 

In  1874  or  1875,  corundum  was  discovered  near  Statesville,  in  Iredell 

"Am.  Jour.  Sci.,  2cl  ser..  Vol.  XLIX,  1870,  p.  271. 
»«  Kept.  Geol.  Survey  North  CaroUna,  Vol.  I,  1875,  p.  246. 
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County.  In  a  letter  in  regard  to  this  Mr.  J.  A.  D.  Stephenson  writes : 
"  The  first  corundum  found  in  Iredell  County  was  found  by  myself  near 
where  the  Collins  (Acme)  mine  is  now  located,  either  late  in  1874  or 
early  in  1875.  It  was  a  mass  weighing  probably  two  pounds.  I  also 
found  a  lot  of  pink  fragments  near  by.^^  Soon  afterwards  it  was  dis- 
covered on  the  surface  at  many  other  points  in  this  county  and  in  Alexan- 
der, the  adjoining  county  on  the  west. 

Since  these  early  discoveries  prospecting  for  corundum  has  been 
carried  on  vigorously  in  the  peridotite  belt  of  Georgia  and  North 
Carolina,  and  many  deposits  have  been  located,  but  many  of  them,  being 
almost  inaccessible,  have  been  but  little  developed. 

Until  the  year  1898  the  corundum  deposits  of  Georgia  and  North 
Carolina  furnished  all  the  corundum  (exclusive  of  emery)  used  in  this 
country,  with  the  exception  of  a  very  small  amount  obtained  from  Penn- 
sylvania. Many  localities  throughout  the  eastern  States  were  prospected 
for  corundum,  and  at  a  number  of  places  in  Alabama,  South  Carolina, 
Pennsylvania,  and  Massachusetts  mining  on  a  small  scale  was  undertaken, 
and  although  in  most  cases  a  little  corundum  was  shipped  none  of  these 
localities  developed  mines  of  this  mineral. 

In  1899,  mining  was  begun  on  the  corundum  deposits  in  Ontario, 
Canada  (p.  223),  and  these  have  since  become  oiie  of  the  chief  producers 
of  this  mineral  in  America. 

Work  on  the  Montana  corundum  deposits  (p.  222)  began  in  1900  and 
they  are  now  in  such  a  condition  that  their  product  can  be  shipped  in 
competition  with  that  from  other  localities. 

The  latest  discovery  of  corundum  in  America  is  in  Plumas  County, 
California  (p.  22'3).  It  was  prospected  to  some  extent  in  1901  but  no 
commercial  quantities  of  corundum  were  located. 

SUGGESTIONS    TO    PROSPECTORS. 

Most  of  the  early  discoveries  of  corundum  were  made,  as  were  those 
of  many  of  the  other  minerals,  by  the  accidental  finding  of  surface  frag- 
ments. This  has  led  to  systematic  search,  which  in  many  cases  has  re- 
sulted in  the  location  of  extended  deposits.  Not  only  corundum  itself 
but  many  other  minerals  that  are  associated  with  it  are  important 
indicators  of  the  existence  of  corundum.  Thus  the  presence  of  marga- 
rite  at  the  old  iron  mine  at  Chester,  Massachusetts,  was  to  Prof.  A.  T. 
Jackson,  who  was  familiar  with  its  occurrence,  an  indication  that  corun- 
dum would  be  found.  His  prediction  was  realized  a  short  time  after- 
wards by  the  finding  of  the  emery  variety  of  corundum  and  the  con- 
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version  of  the  iron  mine  into  an  extensive  emery  mine.  The  finding 
of  chlorite  in  connection  with  peridotite  rocks  has  been  the  starting 
point  of  the  discovery  of  a  number  of  corundum  deposits. 

Any  one  who  wishes  to  search  for  corundum  should  thoroughly  familiar- 
ize himself  with  the  mineral  itself  as  well  as  its  associates,  for  many  in- 
stances could  be  cited  where  other  minerals  have  been  mistaken  for  it. 
Thus  the  mineral  albite,  one  of  the  feldspars,  is  sometimes  very  similar 
in  appearance  to  corundum,  and  has  been  mistaken  for  it,  but  the  specific 
gravity  and  hardness  should  at  once  distinguish  it  from  corundum,  the 
albite  being  much  lighter  and  softer.  It  is  well  in  prospecting  for  corun- 
dum to  always  have  a  specimen  of  the  pure  mineral  at  hand  with  which 
to  test  the  hardness  of  any  mineral  that  may  be  supposed  to  be  corundum. 

In  testing  the  hardness  of  a  mineral  care  should  be  taken  tliat  all  de- 
composed and  altered  material  is  broken  away  and  that  the  test  is  made  on 
a  clean  surface  of  the  pure  mineral. 

Where  it  is  possible  the  prospector  should  visit  either  a  corundum  mine, 
or  a  locality  where  prospecting  has  been  done  and  corundum  found 
in  place,  and  thus  become  acquainted  with  the  rocks  enclosing  it  and  its 
mode  of  occurrence.  As  has  been  shown  in  the  preceding  pages,  no  two 
localities  are  often  exactly  duplicates  even  when  they  are  close  together, 
yet  certain  minerals  and  types  of  rocks  are  found  at  nearly  all  of  them, 
and  familiarity  with  these,  even  at  one  locality,  will  be  of  considerable 
value  to  one  who  is  searching  for  new  localities. 

Nearly  all  of  the  corundum  that  has  thus  far  been  found  in  quan- 
tity in  North  Carolina  is  that  which  occurs  in  peridotites,  and  conse- 
quently most  of  the  prospecting  that  has  been  done  in  this  State  has  been 
in  connection  with  these  rocks.  It  is  not  to  be  understood  that  corundum 
may  not  occur  in  quantity  in  any  other  rocks  than  the  peridotites  in  this 
State,  but  that,  although  corundum  has  been  found  in  a  number  of 
other  rocks  besides  these  and  at  a  number  of  localities,  it  has  not  yet  been 
demonstrated  that  these  deposits  can  be  profitably  mined.  Some  of  the 
occurrences  in  amphibolites  and  gneisses  have  given  promise  of  becom- 
ing of  commercial  importance,  but  only  actual  development  can  prove  or 
disprove  this.  This  does  not,  however,  apply  to  gem-corundum  deposits 
but  only  to  those  where  the  corundum  is  wanted  in  quantity  for  an 
abrasive. 

It  is  not  only  essential  to  have  a  knowledge  of  the  rocks  in  which  it 
occurs  but  also  a  knowledge  of  the  associated  minerals.  This  is  especi- 
ally true  of  the  corundum  found  in  the  peridotites,  although  not  all  these 
rooks  in  the  State  carry  corundum  and  the  associated  minerals  are  likely 
to  varv  with  the  localitv. 
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Under  the  head  of  Origin  of  Conindiini  (p.  334),  it  is  shown  that  the 
deposits  of  corundum  in  the  peridotites  occur  chiefly  near  their  contact 
with  the  gneiss  or  other  country  rock,  and  that  the  deposits  within  the 
peridotite  area  are  usually  small  and  in  a  short  distance  pinch  out. 
Hence,  in  prospecting  over  a  peridotite  area,  a  careful  systematic  search 
should  be  made  along  the  contact.  Corundum  may  often  be  first  ob- 
served within  the  peridotite  areJei,  and  when  this  is  the  case,  a  larger 
deposit  may  very  reasonably  be  expected  to  be  found  near  the  contact. 

If  during  an  examination  of  a  peridotite  formation,  no  corundum  is 
found  along  the  contact  of  this  rock  with  the  gneiss  or  other  country 
rock,  there  is  no  need  of  searching  in  the  midst  of  the  formation,  for 
experience  has  shown  that  it  is  only  at  the  contact  that  any  large  deposit 
will  be  found.  Again,  if  no  fragments  of  corundum  are  found  at  the 
lower  borders  of  a  peridotite  formation  or  none  can  be  obtained  by 
panning  the  gravel  of  the  streams  flowing  by  them,  there  is  but  little 
probability  that  success  will  attend  any  further  search.  It  should  also 
be  borne  in  mind  that  at  all  the  peridotite  localities  examined,  no  more 
than  traces  of  corundum  have  been  found  where  there  is  a  quantity  of 
chromite,  and,  on  the  other  hand,  where  there  is  much  corundum  there 
is  a  scarcitv  of  chromite. 

Where  crystals  and  fragments  of  corundum  are  found  in  gravel  beds 
or  in  the  soil,  they  of  course  indicate  the  existence  of  corundum  deposits 
at  some  distance  from  where  these  occur.  On  account  of  the  stability 
of  this  mineral  when  exposed  on  the  surface,  it  may  have  been  transported 
long  distances  down  the  mountain  slopes  without  showing  much  alteration 
or  abrasion.  When,  however,  it  is  associated  with  certain  minerals,  as 
fragments  of  chrysolite  (olivine),  chlorite,  or  talc,  it  is  very  probable  that 
they  have  been  transported  but  a  short  distance,  for  these  minerals  would 
have  been  almost  entirely  disintegrated  and  worn  away  before  they  could 
have  been  transported  very  far  or  exposed  very  long  to  surface  influences. 

Where  corundum  has  been  thus  found,  these  indications  should  be  fol- 
lowed up  the  valley  or  incline  by  which  the  fragments  most  naturally 
have  reached  their  present  position.  When  followed  up,  these  gravel 
deposits,  whether  they  are  in  the  present  or  old  beds  of  the  streams, 
should  be  tested  at  intervals  by  panning  (see  PI.  XXII),  until  a  point 
is  reached  beyond  which  no  corundum  is  found  in  the  gravel,  and  then 
the  search  should  be  carried  on  up  the  hillsides  till  the  parent  rock  is 
located.  If  this  rock  is  a  peridotite,  its  contact  with  the  other  country 
rock  should  be  carefully  examined,  for  it  is  here  that  the  deposits  of 
corundum  should  be  expected.  Where  there  is  considerable  soil  or  de- 
composed surface  material,  the  contact  cannot  always  be  at  once  located, 
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and  then  ditches  should  be  cut  through  the  soil  at  right  angles  to  the 
strike  of  the  rock  itself.  When  the  contact  has  been  found,  the  border 
zones  of  the  minerals  should  be  examined  for  corundum.  A  guide  at 
this  point  is  found  in  the  chlorites  and  vermiculites  that  have  always 
been  observed  surrounding  corundum  at  the  contact  of  a  peridotite  with 
a  gneiss  or  other  countrv  rock. 

Where  chlorite  and  vermiculite  are  found  abundantly  on  the  surface, 
even  though  no  corundum  is  associated  with  them,  it  may  sometimes  be 
advisable  to  trace  these  to  their  original  source,  but  this  will  depend  upon 
the  character  of  the  rocks  in  the  vicinity  and  the  general  geology  of  the 
region  in  which  they  are  found.  No  matter  how  promising  the  indi- 
cations may  be,  they  should  always  be  regarded  as  only  probabilities ;  and 
no  investments  should  be  made  until  the  deposit  itself  has  been  thoroughly 
investigated. 

METHODS  OF  MINING. 

In  considering  the  methods  used  in  mining  corundum  it  must  be 
borne  in  mind  that  up  to  1899  it  had  been  obtained  in  quantity  only 
where  it  had  been  associated  with  peridotites.  These,  as  will  be  shown 
later,  present  certain  difficulties  which,  if  not  guarded  against,  will  cause 
considerable  delay  and  danger  in  mining,  and  which  would  not  be  met 
with  if  the  corundum  mined  were  in  a  gneiss,  syenite,  or  an  amphibolite. 

Nearly  all  of  the  peridotite  formations  in  which  the  corundum  deposits 
occur  are  bold  outcrops  on  mountain  sides  and  hill  tops,  with  an  almost 
perfect  natural  drainage.  At  all  of  the  localities  where  there  has  been 
any  mining,  beyond  a  little  prospecting,  the  method  employed  has  been 
usually  by  means  of  open  cuts  supplemented  by  tunnels  (see  Pis.  XXIII, 
XXVII,  and  XXVIII).  While  the  mining  by  means  of  cuts  may  seem 
at  first  to  be  the  most  advantageous,  it  is  soon  found  that  it  is  the  cause 
of  considerable  extra  expense.  These  cuts,  or  any  other  openings  made 
over  the  surface  of  the  peridotite,  aflford  a  much  greater  opportunity  for 
surface  water  and  frost  to  penetrate  the  mass  of  the  rock  formation. 
These  rocks,  which  are  more  or  less  seamed  or  cracked,  usually  to  the 
depth  that  alteration  can  extend,  offer  opportunities  for  the  infiltration 
of  the  water.  As  most  of  the  alteration  products  of  the  peridotites  are 
slippery  hydrous  magnesium  minerals,  as  serpentine,  talc,  and  chlorite, 
and  as  these  are  developed  in  the  seams  and  cracks  of  the  rock,  anything 
that  is  done  to  disturb  this  altered  surface  will  make  them  very  liable  to 
slip.  For  instance,  at  the  Corundum  Hill  mine  large  masses  of  perido- 
tite have  become  loosened  and,  slipping,  have  gradually  closed  up  some 
of  the  tunnels;  and  there  is  continual  danger,  in  the  cuts  and  some  of 
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the  tunnels,  from  large  fragments  of  rock  that  it  is  practically  impossible 
to  keep  from  falling  in.  At  the  Laurel  Creek  mine,  Pine  Mountain, 
Georgia,  a  mass  of  peridotite  with  soil,  etc.,  forming  nearly  a  200-foot 
cube,  has,  on  account  of  open  cuts  beneath  it,  become  loosened  and 
slipped  downward,  effectually  closing  up  the  tunnel  and  shaft  of  the 
Big  Vein. 

It  is,  therefore,  by  all  means  advisable,  in  mining  corundum  associated 
with  peridotites,  not  to  break  the  surface  of  the  formation  any  more  than 
is  absolutely  necessary,  and  to  do  no  work  at  all  along  the  contact  by 
means  of  open  cuts,  but  to  confine  the  mining  to  a  system  of  tunnels 
and  shafts.  This  method  of  mining  will  be  found  in  the  end  the  cheapest. 
Then  again,  all  the  tunnels  and  shafts  should  be  well  timbered,  and  the 
mine  should  be  kept  as  thoroughly  drained  as  possible. 

Considerable  work  is  often  done  without  any  mining.  A  large  amount 
of  the  material  that  it  is  necessary  to  handle  is  easily  worked  with  pick 
and  shovel,  as  it  consists  of  the  cr}*stals  and  fragments  of  corundum  in  the 
zone  of  chlorite  and  vermiculite.  In  some  of  the  veins,  such  as  those 
in  which  the  corundum  is  associated  with  feldspar,  as  at  Buck  Creek, 
and  those  where  there  is  considerable  amphibole  or  enstatite,  as  at 
Corundum  Hill,  blasting  is  necessary.  Most  of  the  corundum  deposits 
in  peridotite  are  so  located  that  there  should  be  little  hoisting  necessary 
for  some  time.  By  drifting  from  a  shaft  sunk  at  the  upper  end  of  a 
tunnel  that  has  been  run  into  the  vein  at  the  lowest  level  possible  the 
ore  can  be  removed  with  a  minimum  of  hoisting  and  the  mine  will  be 
kept  dry. 

If  the  mill  is  located  some  distance  from  the  mine  and  a  line  of  sluice 
boxes  can  be  built,  the  more  or  less  finely  divided  ore  may  be  carried  to 
it  by  means  of  these.  In  this  way,  the  corundum  is  partially  cleaned  by 
the  time  it  reaches  the  mill.  This  is  the  method  employed  at  the  Cor- 
undum Hill  mine. 

Where  the  corundum  occurs  in  a  gneiss,  quartz-schist,  or  syenite,  there 
should  be  no  difficulty  in  mining  by  means  of  open  cuts  if  the  deposit  is 
favorably  situated,  and  these  rocks  will  make  good  retaining  walls,  requir- 
ing but  little  timbering. 

The  ore,  when  removed  from  the  mine,  may  be  carried  to  the  mill 
either  in  sluice  troughs,  in  wagons,  or  cars,  according  to  its  nature  and 
the  relative  location  of  mine  and  mill. 

METHODS  OF  MILLING. 

The  corundum  ore  as  it  comes  from  the  mine  contains  considerable 
amounts  of  impurities,  which  must  be  removed  before  the  material  can 
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and  then  ditches  should  be  cut  through  the  soil  at  right  angles  to  the 
strike  of  the  rock  itself.  When  the  contact  has  been  found,  the  border 
zones  of  the  minerals  should  be  examined  for  corundum.  A  guide  at 
this  point  is  found  in  the  chlorites  and  vermiculites  that  have  always 
been  observed  surrounding  corundum  at  the  contact  of  a  peridotite  with 
a  gneiss  or  other  country  rock. 

Where  chlorite  and  vermiculite  are  found  abundantlv  on  the  surface, 
even  though  no  corundum  is  associated  with  them,  it  may  sometimes  be 
advisable  to  trace  these  to  their  original  source,  but  this  will  depend  upon 
the  character  of  the  rocks  in  the  vicinity  and  the  general  geology  of  the 
region  in  which  they  are  found.  No  matter  how  promising  the  indi- 
cations may  be,  they  should  always  be  regarded  as  only  probabilities ;  and 
no  investments  should  be  made  until  the  deposit  itself  has  been  thoroughly 
investigated. 

METHODS  OF  MINING. 

In  considering  the  methods  used  in  mining  corundum  it  must  be 
borne  in  mind  that  up  to  1899  it  had  been  obtained  in  quantity  only 
where  it  had  been  associated  with  peridotites.  These,  as  will  be  shown 
later,  present  certain  difficulties  which,  if  not  guarded  against,  will  cause 
considerable  delay  and  danger  in  mining,  and  which  would  not  be  met 
with  if  the  corundum  mined  were  in  a  gneiss,  syenite,  or  an  amphibolite. 

Nearly  all  of  the  peridotite  formations  in  which  the  corundum  deposits 
occur  are  bold  outcrops  on  mountain  sides  and  hill  tops,  with  an  almost 
perfect  natural  drainage.  At  all  of  the  localities  where  there  has  been 
any  mining,  beyond  a  little  prospecting,  the  method  employed  has  been 
usually  by  means  of  open  cuts  supplemented  by  tunnels  (see  Pis.  XXIII, 
XXVII,  and  XXVIII).  While  tiie  mining  by  means  of  cuts  may  seem 
at  first  to  be  the  most  advantageous,  it  is  soon  found  that  it  is  the  cause 
of  considerable  extra  expense.  These  cuts,  or  any  other  openings  made 
over  the  surface  of  the  peridotite,  afford  a  much  greater  opportunity  for 
surface  water  and  frost  to  penetrate  the  mass  of  the  rock  formation. 
These  rocks,  which  are  more  or  less  seamed  or  cracked,  usually  to  the 
depth  that  alteration  can  extend,  offer  opportunities  for  the  infiltration 
of  the  water.  As  most  of  the  alteration  products  of  the  peridotites  are 
slippery  hydrous  magnesium  minerals,  as  serpentine,  talc,  and  chlorite, 
and  as  these  are  developed  in  the  seams  and  cracks  of  the  rock,  anything 
that  is  done  to  disturb  this  altered  surface  will  make  them  very  liable  to 
slip.  For  instance,  at  the  Corundum  Hill  mine  large  masses  of  perido- 
tite have  become  loosened  and,  slipping,  have  gradually  closed  up  some 
of  the  tunnels;  and  there  is  continual  danger,  in  the  cuts  and  some  of 
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be  marketed,  necessitating  extensive  cleaning  plants  or  corundum  mills 
(see  PI.  XXXIII,  A  and  PI.  XXXIV,  A  and  B).  The  removal  of  most 
of  these  impurities  is  readily  effected  by  conveying  the  crushed  ore  into 
boxes  or  troughs  through  which  a  stream  of  water  runs,  and  which  are 
so  regulated  that  the  corundum  readily  settles  to  the  bottom  of  the 
trough  while  the  lighter  minerals  are  carried  off.  Before  this  washing, 
the  corundum  ore  is  sieved  and  all  that  will  not  pass  through  a  No.  12 
screen  is  crushed  and  passed  between  rollers  until  it  is  reduced  to  a  size 
that  will  permit  it  to  pass  through  the  screen.  This  washing  process  will 
remove  only  the  impurities  that  are  entirely  separated  from  the  particles 
of  corundum,  but  there  are  usually  some  that  are  attached,  and  these  have 
to  be  removed  by  another  process.  .  The  product  is  passed  through  a 
machine  known  as  the  screw  or  scouring  machine,  in  which  there  is  a 
coarse  worm  similar  to  screw  conveyer.  This  grinds  off  almost  all  of 
the  impurities  and  these  are  separated  by  subjecting  them  again  to  the 
washing  process.  The  final  impurities  are  separated  from  the  particles 
of  corundum  by  means  of  a  machine  called  the  "  muUer  "  or  "  chaser.^' 
In  this  machine  the  grains  of  corundum  are  rubbed  one  against  another 
and  thus  wear  away  adhering  foreign  substances.  The  machine  consists 
of  a  shallow  tub,  in  which  are  two  heavy  wooden  rollers  which  move 
around  its  circumference.  The  freshly  ground  corundum  on  being 
thrown  into  these  tubs  is  kept  constantly  stirred  up  and  then  pressed  down 
by  the  rollers  passing  over  it,  and  in  this  way  a  scouring  motion  is  kept 
up  between  the  grains,  by  which  the  impurities  are  gradually  worn  away, 
and  carried  off  by  a  stream  of  water  which  is  flowing  through  the  tub, 
coming  in  at  the  bottom  and  passing  out  at  the  top.  The  corundum  in 
the  tub  is  kept  stirred  up  by  men  with  hoes  or  by  having  iron  plow- 
shaped  blades  in  front  of  the  wooden  rollers ;  and  it  usually  requires  from 
four  to  eight  hours,  according  to  the  nature  of  the  impurities  that  are 
attached  to  the  corundum  grains,  to  obtain  a  clean  product.  Plate 
XXXIII,  B  is  an  interior  view  of  the  corundum  mill  at  CuUasaja  showing 
a  "  muller  "  in  the  foreground. 

There  are  two  methods  of  drying  this  product  after  it  has  been  re- 
moved from  the  raullers  and  allowed  to  lie  over  night  on  an  inclined  floor. 
In  one  this  product  is  conveyed  by  elevator  belts  to  the  second  floor  of  the 
mill  and  dropped  vertically  a  distance  of  20  to  30  feet  down  the  stack  of 
a  furnace,  at  the  bottom  of  which  it  strikes  an  inclined  sur- 
face that  is  just  above  the  flames  of  the  furnace,  and  slides 
down  this  into  an  iron  box.  In  the  other,  there  is  an  iron  cylinder,  open 
at  both  ends,  which  revolves  about  a  coil  of  steam  pipes.  One  end  of  the 
cylinder  is  lower  than  the  other  and  as  the  wet  product  is  thrown  in  at 
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the  upper  end,  it  is  alternately  carried  up  by  the  revolving  cylinder  and 
dropped  on  the  hot  coil  of  pipes  and  is  gradually  worked  toward  the  lower 
end,  where  it  is  caught  in  a  hopper,  and  conveyed  by  elevator  belts  to 
the  sizing  room.     Here  it  is  automatically  screened  to  the  various  sizes. 

Care  has  to  be  exercised  in  the  crushing  of  the  ore,  so  as  to  produce 
as  little  flour-corundum  as  possible.  Also,  in  the  scouring  action  that  is 
carried  on  in  the  muUers,  the  process  must  be  made  as  shori;  as  possible^ 
in  order  to  prevent  the  corundum  grains  from  becoming  rounded  so  as  to 
destroy  their  abrasive  qualities. 

While  the  general  principle  of  cleaning  the  ore  is  the  same  at  nearly 
all  the  mills,  and  the  process  is  carried  out  in  the  same  order,  yet  there  are 
several  different  methods  for  effecting  a  separation  of  the  grains  of 
corundum  from  the  impurities  that  are  not  attached  to  them.  Owing 
to  the  high  specific  gravity  of  corundum,  this  can  be  readily  done,  and 
various  machines  have  been  devised  for  the  purpose. 

At  the  Isbel  mine.  Shooting  Creek,  Clay  County,  the  concentrating 
plant  of  the  corundum  mill  is  equipped  with  jigs  and  Frue  rammers. 
The  use  of  these  machines  does  not  eliminate  the  foreign  material  that  is 
attached  to  the  particles  of  corundum,  and  these  must  be  removed  by 
some  scouring  action  as  mentioned  above.  In  some  instances,  a  very 
high  grade  and  pure  concentrate  can  be  obtained  by  the  above  method  of 
concentration  and  there  is  no  need  of  further  purification  to  make  a 
commercial  product.  Xearly  all  of  the  corundum,  however,  that  occurs 
in  the  peridotite  rocks  requires  some  other  treatment  besides  that  of 
ordinary  concentration  to  make  a  commercial  product.  Exceptions  to 
this  are  the  occurrences  of  large  quantities  of  massive  block  corundum. 
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be  marketed,  necessitating  extensive  cleaning  plants  or  corundum  mills 
(see  PL  XXXIII,  A  and  PI.  XXXIV,  A  and  B).  The  removal  of  most 
of  these  impurities  is  readily  effected  by  conveying  the  crushed  ore  into 
boxes  or  troughs  through  which  a  stream  of  water  runs,  and  which  are 
so  regulated  that  the  corundum  readily  settles  to  the  bottom  of  the 
trough  while  the  lighter  minerals  are  carried  off.  Before  this  washing, 
the  corundum  ore  is  sieved  and  all  that  will  not  pass  through  a  No.  12 
screen  is  crushed  and  passed  between  rollers  until  it  is  reduced  to  a  size 
that  will  permit  it  to  pass  through  the  screen.  This  washing  process  will 
remove  only  the  impurities  that  are  entirely  separated  from  the  particles 
of  corundum,  but  there  are  usually  some  that  are  attached,  and  these  have 
to  be  removed  by  another  process.  .  The  product  is  passed  through  a 
machine  known  as  the  screw  or  scouring  machine,  in  which  there  is  a 
coarse  worm  similar  to  screw  conveyer.  This  grinds  off  almost  all  of 
the  impurities  and  these  are  separated  by  subjecting  them  again  to  the 
washing  process.  The  final  impurities  are  separated  from  the  particles 
of  corundum  by  means  of  a  machine  called  the  "  muUer  "  or  "  chaser." 
In  this  machine  the  grains  of  corundum  are  rubbed  one  against  another 
and  thus  wear  away  adhering  foreign  substances.  The  machine  consists 
of  a  shallow  tub,  in  which  are  two  heavy  wooden  rollers  which  move 
around  its  circumference.  The  freshly  ground  corundum  on  being 
thrown  into  these  tubs  is  kept  constantly  stirred  up  and  then  pressed  down 
by  the  rollers  passing  over  it,  and  in  this  way  a  scouring  motion  is  kept 
up  between  the  grains,  by  which  the  impurities  are  gradually  worn  away, 
and  carried  off  by  a  stream  of  water  which  is  flowing  through  the  tub, 
coming  in  at  the  bottom  and  passing  out  at  the  top.  The  corundum  in 
the  tub  is  kept  stirred  up  by  men  with  hoes  or  by  having  iron  plow- 
shaped  blades  in  front  of  the  wooden  rollers ;  and  it  usually  requires  from 
four  to  eight  hours,  according  to  the  nature  of  the  impurities  that  are 
attached  to  the  corundum  grains,  to  obtain  a  clean  product.  Plate 
XXXIII,  B  is  an  interior  view  of  the  corundum  mill  at  Cullasaja  showing 
a  ^'  muller  "  in  the  foreground. 

There  are  two  methods  of  drying  this  product  after  it  has  been  re- 
moved from  the  mullers  and  allowed  to  lie  over  night  on  an  inclined  floor. 
In  one  this  product  is  conveyed  by  elevator  belts  to  the  second  floor  of  the 
mill  and  dropped  vertically  a  distance  of  20  to  30  feet  down  the  stack  of 
a  furnace,  at  the  bottom  of  which  it  strikes  an  inclined  sur- 
face that  is  just  above  the  flames  of  the  furnace,  and  slides 
down  this  into  an  iron  box.  In  the  other,  there  is  an  iron  cylinder,  open 
at  both  ends,  which  revolves  about  a  coil  of  steam  pipes.  One  end  of  the 
cylinder  is  lower  than  the  other  and  as  the  wet  product  is  thrown  in  at 
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the  upper  end,  it  is  alternately  carried  up  by  the  revolving  cylinder  and 
dropped  on  the  hot  coil  of  pipes  and  is  gradually  worked  toward  the  lower 
end,  where  it  is  caught  in  a  hopper,  and  conveyed  by  elevator  belts  to 
the  sizing  room.     Here  it  is  automatically  screened  to  the  various  sizes. 

Care  has  to  be  exercised  in  the  crushing  of  the  ore,  so  as  to  produce 
as  little  flour-corundum  as  possible.  Also,  in  the  scouring  action  that  is 
carried  on  in  the  mullers,  the  process  must  be  made  as  shori;  as  possible, 
in  order  to  prevent  the  corundum  grains  from  becoming  rounded  so  as  to 
destroy  their  abrasive  qualities. 

While  the  general  principle  of  cleaning  the  ore  is  the  same  at  neariy 
all  the  mills,  and  the  process  is  carried  out  in  the  same  order,  yet  there  are 
several  different  methods  for  effecting  a  separation  of  the  grains  of 
corundum  from  the  impurities  that  are  not  attached  to  them.  Owing 
to  the  high  specific  gravity  of  corundum,  this  can  be  readily  done,  and 
various  machines  have  been  devised  for  the  purpose. 

At  the  Isbel  mine.  Shooting  Creek,  Clay  County,  the  concentrating 
plant  of  the  corundum  mill  is  equipped  with  jigs  and  Fnie  rammers. 
The  use  of  these  machines  does  not  eliminate  the  foreign  material  that  is 
attached  to  the  particles  of  corundum,  and  these  must  be  removed  by 
some  scouring  action  as  mentioned  above.  In  some  instances,  a  ver}' 
high  grade  and  pure  concentrate  can  be  obtained  by  the  above  method  of 
concentration  and  there  is  no  need  of  further  purification  to  make  a 
commercial  product.  Nearly  all  of  the  corundum,  however,  that  occurs 
in  the  peridotite  rocks  requires  some  other  treatment  besides  that  of 
ordinary  concentration  to  make  a  commercial  product.  Exceptions  to 
this  are  the  occurrences  of  large  quantities  of  massive  block  corundum. 
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CHAPTER  XII. 

CHEOMITE  AND  OTHER  ECONOMIC  MINERALS  OF  THE 

CORUNDUM-PERIDOTITE  BELT. 

Besides  corundum  a  number  of  other  minerals  of  economic  importance 
are  associated  with  the  peridotites.  Of  these  but  one,  chromite,  has 
thus  far  been  found  in  quantity.  Others  that  are  of  less  importance,  but 
that  have  attracted  considerable  attention,  are  asbestos  and  genthite 
(nickel  silicate).  As  these  are  directly  associated  with  the  peridotites 
and  as  some  deposits  of  these  minerals  promise  to  become  commercially 
important,  a  brief  description  of  them  is  given  here.  The  peridotite  has 
been  thoroughly  altered  to  serpentine  at  a  number  of  localities  and  at 
some  of  these  the  indications  are  commercially  favorable.  These  local- 
ities are  described  below. 

CHROMITE. 

OCCUHRENCE    AND    ORIGIN.* 

Chromite  has  been  found  in  place  only  in  peridotites  and  allied  igneous 
basic  magnesian  rocks,  or  in  serpentines  that  have  resulted  from  the  alter- 
ation of  these.  It  occurs  also  in  alluvial  deposits  that  are  composed  in 
part  of  fragments  of  these  rocks.  In  the  North  Carolina  peridotites, 
chromite  occurs  commonly  in  grains  or  crystals,  but  also  in  embedded 
masses,  near  the  boundary  of  the  lenticular  bodies  of  these  rocks.  It  does 
not  occur  in  well-defined  veins,  but  is  often  in  masses  or  pockets,  which 
apparently  have  no  relation  whatever  to  one  another. 

Few  authors  who  have  written  upon  the  occurrence  of  chromite  have 
described  the  relation  of  the  chromite  deposit  to  the  rocks  in  which  it 
occurs.  One  or  two  have  mentioned  the  fact  that  the  chromite  is  found 
near  the  eastern  boundary  or  at  the  northern  border  of  the  serpentine  belt, 
but  in  no  case  has  any  definite  description  been  given.  The  large  deposits 
of  chromite  in  North  Carolina  occur  in  peridotite,  near  the  contact  of 
this  rock  with  the  inclosing  gneiss;  and  where  there  is  but  a  small  amount 
of  the  chromite,  either  in  pockets  or  in  grains  or  crystals,  these  are  more 

1  Glenn,  Am.  Inst.  Min.  Eng.,  Vol.  XXV,  1895,  p.  465 ;  and  Pratt,  Ibid.,  Vol.  XXI3^ 
1890,  p.  24. 
24 
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abundant  near  the  contact  and  diminish  in  number  toward  the  center  of 
the  mass  of  peridotite. 

The  origin  of  the  corundum  in  these  peridotite  rocks  is  discussed  on 
page  334,  where  it  is  stated  that  the  large  deposits  of  this  mineral  are 
found  in  places  where  there  is  a  scarcity  of  chromite,  and  that  little  or  no 
corundum  has  been  found  where  the  larger  deposits  of  chromite  occur. 

Crystallized  chromite  has  been  found  only  in  small,  isolated  crystals 
scattered  through  the  peridotite,  or  in  alluvial  deposits  where  these 
crystals  have  been  concentrated.  The  masses  of  chromite  show  little  or 
no  crystalline  structure. 

In  a  letter  from  the  Maryland  Geological  Survey  regarding  the  amount 
of  chromite  in  the  peridotite  rocks  of  that  section  it  was  stated  that: 
(1)  *'none  of  the  serpentine  or  peridotite  sections  shows  any  noticeable 
amount  of  chromite;"  (2)  "analyses  of  the  peridotite  show  0.5  per  cent 
of  chromic  oxide." 

The  constant  occurrence  of  the  chromite  in  rounded  masses  of  varjring 
proportions  near  the  contact  of  the  peridotite  with  the  gneiss,  and  its  oc- 
currence in  the  fresh  as  well  as  the  altered  peridotite,  indicate  that  the 
chromite  has  been  held  in  solution  in  the  molten  mass  of  the  peridotite 
when  it  was  intruded  into  the  country  rock,  and  that  it  separated  out 
among  the  first  minerals  as  this  mass  began  to  cool. 

As  has  been  said  on  page  344,  the  peridotite  magma,  holding  in  solution 
the  chemical  elements  of  the  different  minerals,  would  be  like  a  saturated 
liquid,  and  as  it  began  to  cool  the  minerals  would  separate  or  crystallize 
out,  not  according  to  their  fusibility  but  according  to  their  solubility  in 
the  molten  magma.  The  more  basic  portions  being  the  less  soluble,  would 
be  the  first  to  separate  out,  in  conformity  to  the  general  law  of  cooling  and 
crystallizing  magmas.  These  would  be  the  oxides  containing  no  silica; 
in  the  present  case  the  chromite,  spinel,  and  corundum.  These  minerals 
would  solidify  or  crystallize  out  where  the  molten  magma  first  began  to 
cool,  which  would  be  at  the  contact  of  the  mass  with  the  country  rock; 
convection  currents  would  tend  to  bring  new  supplies  of  material  to  the 
outer  boundary,  which  would  deposit  its  chromic  oxide  as  chromite. 

The  more  fluid  a  molten  mass  of  rock  becomes  the  more  favorable  will 
be  the  conditions  for  rapid  and  effectual  connection,  and  it  is  in  these 
very  basic  magnesian  rocks  that  we  find  the  best  illustrations  of  the  sepa- 
ration and  concentration  of  the  more  basic  minerals.  The  longer  the 
chromite  remained  in  solution,  the  less  opportunity  there  would  be  for  it 
to  separate  out  in  sharp,  distinct  masses,  and  as  the  molten  magma  began 
to  lose  some  of  its  fluidity,  it  would  tend  to  separate  out  in  smaller 
Punches,  or  in  grains  scattered  through  the  peridotite.    Where  the  per- 
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centage  of  chromic  oxide  in  the  magma  was  very  small,  it  would  have  a 
tendency  to  separate  out  more  evenly  throughout  the  mass;  and  where 
chromite  and  corundum  are  found  in  the  same  mass  of  peridotite,  the 
corundum  is  very  close  to  the  contact  and  between  it  and  the  chromite, 
which  grades  out  into  the  peridotite. 

In  some  cases  a  portion  of  the  magma  seems  to  have  been  chilled  against 
the  enclosing  walls  before  any  considerable  part  of  it  had  been  cooled  to 
the  saturation  point  for  the  dissolved  chromite.  Thus,  between  the 
chromite  and  the  gneissic  rock  there  is  often  a  seam  of  the  peridotite. 

This  would  account  for  all  the  irregularities  of  the  chromite  deposits — 
their  pockety  nature,  and  the  apparent  non-relation  or  non-connection  of 
one  pocket  of  chromite  with  another,  the  shooting  off  of  stringers  from 
the  main  masses  of  the  chromite  into  the  peridotite,  the  widening  and 
pinching  of  the  chromite  "  lodes,"  the  intimate  mixture  of  peridotite  and 
chromite,  and  the  gradation  from  the  nearly  pure  masses  of  chromite 
through  a  mixture  of  chromite  and  peridotite  to  the  pure  peridotite. 

The  work  done  in  the  North  Carolina  chrome  mines  has  not  been  suffi- 
cient to  demonstrate  the  position  and  relation  of  the  chromite  deposits  to 
the  gneiss  or  other  country  rock,  as  clearly  as  it  has  been  demonstrated 
in  the  Canadian  deposits.  According  to  the  above  theory  the  chromite 
would  be  concentrated  near  the  borders  of  the  peridotite  in  rounded 
masses.  The  pockets  of  chromite  found  in  the  midst  of  a  peridotite  for- 
mation, which  at  the  present  time  are  isolated  and  have  no  connection 
with  one  another,  are  conceived  to  have  been,  at  the  time  of  their  forma- 
tion, part  of  the  chromite  concentrated  near  the  border  of  the  peridotite 
in  rounded  masses;  but  the  extensive  erosion  to  which  these  rocks  have 
been  subjected  has  worn  them  down  to  their  present  condition,  as  repre- 
sented in  fig.  35,  which  is  an  ideal  cross  section  of  the  occurrence  of 
chromite  in  peridotite  soon  after  its  intrusion  into  the  gneiss.  In  fig.  35 
the  chromite  area  has  of  necessity  been  largely  exaggerated.  On  com- 
paring this  figure  with  fig.  34,  which  represents  a  corresponding  occur- 
rence of  corundum,  it  will  be  noted  that  the  corundum  areas  are  repre- 
sented as  more  compact  and  regular  and  that  they  are  directly  at  the 
contact  of  the  gneiss.  The  separation  of  the  corundum  from  the  basic 
magma  at  an  earlier  stage  than  the  chromite  will  explain  this,  and  thus 
the  chromite  is  represented  with  a  narrow  seam  of  peridotite  between  it 
and  the  gneiss,  which  is  nearly  always  present;  with  particles  of 
peridotite  in  the  masses  of  chromite ;  and  with  a  mixture  of  chromite  and 
peridotite  merging  into  the  pure  peridotite.  This  is  well  illustrated  by 
the  occurrences  at  Black  Lake,  Canada,  especially  in  the  openings  near 
Caribou  Lake. 
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In  prospecting  for  cither  chromitc  or  corundum  the  largest  and  richest 

deposits  may  be  expected  near  the  contact  of  the  peridotite  with  the  gneiss 
or  other  country  rock.  This  is  the  experience  of  miners  and  prospectors, 
and  is  entirely  in  accord  witli  the  theory  here  adopted. 

Chromite  has  been  found  only  in  peridotite  and  serpentine,  and  the 
presence  of  this  mineral  in  a  rock  may  be  accepted  as  strong  evidence 
of  igneous  origin.  It  is  conceivable  that  some  peridotites  may  be  of 
metamorphic  origin;  that  they  might  have  been  formed  by  the  meta- 


morphism  of  dolomitic  limestones  containing  iron  in  the  form  of  FeCOj 
as  in  (S[gFe)CUj,  or  b<'ds  of  sidorite  rich  in  magnesia,  silica  in  the  form 
of  snnd  being  probably  present.  Itockii  of  this  type,  when  subjected  to 
great  bent  in  the  presence  of  moisture,  would  have  their  carbonic  acid 
almost  completely  driven  off.  and  silicates  would  be  formed,  perhaps, 
according  to  the  forriiuln  2SIgf(),  +  SiO.  -—  Mg,,SiO,  +  200,. 

If  a  peridofitc  were  formed  in  this  manner  wo  should  expect  to  find 
some  carbonates  asfociated  with  it,  we  should  not  expect  to  find  any 
chromite  or  spinel,  and  ilie  resultant  product  would  not  appear  in  the 
forms  characteristic  of  intru.sivc  dikes,  sheets,  and  laccoliths.  On  the 
other  hand,  the  presence  of  chromite  or  spinel  and  the  absence  of  carbon- 
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ates  and  many  other  characters,  strongly  indicate  that  the  peridotite  is 
of  igneous  origin  (see  Chapter  III). 

The  large  deposits  of  chromite  in  the  serpentine  rocks  of  Pennsylvania 
and  ^[aryland  in  the  United  States,  and  of  the  Province  of  Quebec  in 
Canada,  are  associated  with  igneous  rocks  of  exactly  the  same  nature  as 
the  peridotites  of  North  Carolina,  and  have  doubtless  solidified  out  from 
the  molten  magma,  as  described  above. 

A  natural  corollary  to  be  drawn  from  this  proposition  is  that  the 
occurrence  of  chromite  in  an  alluvial  deposit  indicates  the  proximity  of 
a  peridotite  of  igneous  origin,  which  was  the  original  source  of  the 
chromite. 

The  association  of  platinum  with  chromite  and  serpentine  in  various 
parts  of  the  world  where  platinum  has  been  found  in  alluvial  deposits 
indicates  that  the  platinum  originated  from  a  peridotite  or  allied  rock 
of  igneous  origin.  On  the  eastern  slope  of  the  L'rals  platinum  has  been 
found  associated  with  chromite,  which  is  disseminated  through  an  olivine 
rock.  It  is  not  unreasonable  to  expect  that  platinum  will  be  found  ia 
some  of  the  peridotite  areas  of  the  United  States. 

CHEMICAL   COMPOSITION    OF   CHROMITE.* 
REVIEW  OF  ANALYSES. 

In  order  to  determine  the  chemical  composition  of  chromite  all  the 
available  analyses  were  examined  and  analyses  were  made  of  chromite 
from  Price  Creek,  6  miles  southwest  of  Burnsville,  Yancey  County; 
Webster,  Jackson  County;  and  Corundum  Hill,  Macon  County,  X.  C. 
Pure  material  for  analysis  showing  no  impurities  when  examined  under 
the  microscope,  was  readily  obtained  by  hand  picking.  Analyses  I  and  II 
below,  were  made  by  Dr.  Charles  Baskerville,  of  the  TTniversity  of  North 
Carolina,  and  III  by  Dr.  H.  W.  Foote,  of  the  Sheffield  Scientific  School, 

Yale  Universitv. 

Analyses  of  chromite  from  North  Carolina. 

I.  n.  III. 

Constituent.                       J^^^^jJ  Ratio.  C^>»'undum  ^^^^j^^  Webster.^  Ratio. 

Cr^On     59.20  0.386           57.20  0.377  39.95  0.261 

AUO3     7.15  .070             7.82  .076  29.28  .287 

FeO     25.02  .347           25.68  .356  13.90  .193 

MgO    4.42  .111             5.22  .131  17.31  .433 

OIO2  O.Z\)  m     .     .  Z.OU  ...  ...  .    «    • 

MnO    '92  . . .  .69  ...  ...  ... 

Total    99.91  777  99.41         ~  . . .         100^44  ~ 

»  Pratt,  Am.  Inst.  MIn.  Eng.,  Vol.  XXIX.  1899,  p.  30;  Am.  Jour.  Scl.,  Vol.  VII,  1899, 
p.  281  :  and  U.  8.  Geol.  Survey,  MIn.  Ues.,  1000.  pamphlet. 

*Thi8  analysis  Is  of  the  mitchelllte  variety  of  chromite,  and  does  not  represent  the 
ordinary  chromite  that  occurs  In  this  vicinity. 
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In  the  above  analyses  the  ratio  of  the  bivalent  oxides  to  the  trivalent 
oxides  is  uniformly  high  and  can  probably  be  accounted  for  by  the  fact 
that  some  of  the  iron  calculated  as  FeO  was  in  the  ferric  state,  as  was 
proved  in  the  Webster  chromite. 

Taking  enough  of  the  CrjOj  and  MgO  to  unite  with  the  FeO  and  AI2O3, 
respectively,  to  form  the  molecules  FeCPjO^  (FeO.CrjOj)  and  MgAljO^ 
(MgO.AljOa),  there  remains  approximately  enough  of  the  CrgOj  to  unite 
with  the  excess  of  MgO.  The  nearer  the  ratio  of  the  bivalent  oxides 
approximates  that  of  the  trivalent  the  nearer  the  excess  of  the  Cr^Oj  and 
MgO  equalize  each  other.  Inability  to  determine  the  ratio  of  ferrous  to 
ferric  oxide  in  the  above  analyses  prevents  the  obtaining  of  a  sharp  ratio 
in  the  excess  of  the  Cr203  and  MgO. 

In  all  the  terrestrial  chromite  analyses  examined,  with  the  exception 
of  two,  alumina  and  magnesia  are  present,  varying  from  a  small  percent- 
age in  some  analyses  to  more  than  20  per  cent  in  others.  The  alumina 
usually  varies  with  the  magnesia,  specimens  rich  in  magnesia  being 
correspondingly  rich  in  alumina. 

This  constant  occurrence  of  magnesia  and  alumina  in  the  chromites 
would  seem  to  indicate  that  the  molecule  of  the  mineral  we  now  call 
chromite  is  not  pure  FeCrjO^,  but  a  combination  of  the  three  isomor- 
phous  molecules,  FeCrjO^ ;  MgCr204 ;  and  MgAUO^. 

Only  two  analyses  of  specimens  of  chromite  (terrestrial)  have  been 
found  that  do  not  show  the  presence  of  magnesia  and  alumina.  The  first 
was  a  magnetic  chrome-sand  from  Chester,  Pa.,  analyzed  by  Mr.  T.  H. 
Garrett,*  in  which  all  the  iron  is  calculated  as  ferric  oxide ;  the  second  was 
chromite  from  Vache  Island,  West  Indies,  analyzed  by  Mr.  J.  Clouet.' 

Analyses  of  chromite  from  Chester,  Pa.,  and  Vache  Island, 

West  Indies. 

1.  II. 

(Constituent.                                        (Garrett).  (Clouet). 

Cr^O,     41.55  51.53 

FeO     48.46 

FeA     62.02  

SiO,     1.25 


•   • 


Total     104.82  99.99 

A  greater  part  of  the  iron  in  Mr.  Garrett's  analysis  is  undoubtedly  in 
the  form  of  ferrous  oxide,  as  is  indicated  by  the  high  total  percentage 

<Am.  Jour.  Scl..  2d  ser.,  Vol.   XIV.  18r)2.  p.  47. 

•Ann.    Chem.    et    Phys..    4th    ser..    Vol.    XVI.    1809.    pp.    90-100;    and    Llthologlcal 
Studies,  by  M.  E.  Wadsworth.  p.  Iv  of  Appendix. 
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(104.82)  obtained.  Mr.  Garrett  also  analyzed  a  massive  chromite  from 
near  Chester,  Pa.,  which  showed  only  the  presence  of  CrjOg .  FeO  and  a 
little  NiO.  From  the  above  it  is  seen  that  a  pure  chromite,  having  the 
composition  of  FeCr204  (FeO-CrjO,),  is  not  common  in  nature. 

Magnesium  aluminate  (MgAUO^),  occurs  nearly  pure  in  nature  as 
normal  spinel.  The  normal  magnesium  chromate  (MgCPoO^),  has 
not  been  found  in  nature ;  but  as  is  indicated  by  the  above  analyses,  there 
is  good  reason  to  believe  that  this  does  exist,  and  we  may  expect  to  find 
it  occurring  in  nature  as  a  definite  mineral. 

Under  this  theory  of  the  composition  of  the  chromites,  the  formulae 
of  the  three  analyzed  would  be  as  follows : 

1.  Price  Creek,  lOFeCr^O^;  MgCrjO^;  2MgAl204. 

2.  Corundum  Hill,  QFeCrjO^ ;  MgCr^O^ ;  2MgAl204. 

3.  Webster,  FeCrjO^;  MgCr^O^;  2MgAl204. 

The  first  two  formulae  will  represent  approximately  those  of  the  major- 
ity of  the  chromites  that  have  been  found  and  approach  the  normal 
chromite,  FeCr204  (FeCCrjOg),  as  their  limit. 

As  the  FeCrjO^  molecule  decreases  and  the  MgAUO^  increases,  the 
mineral  would  approach  normal  spinel,  MgAl204  (MgO.AljOa),  as  its 
limit,  the  mineral  picotite  or  chrome-spinel  being  representative  of  a  min- 
eral near  the  spinel  end. 

Dr.  Wadsworth,*  in  comparing  the  chromite  and  picotite  associated  with 
peridotite  says : 

It  is  probable  that  picotite  and  chromite  belong  to  the  same  mineral  series, 
the  term  picotite  being  more  commonly  applied  to  the  freshest  states,  and  that 
of  chromite  to  those  forms  more  altered,  and  to  the  local  aggregations  arising 
from  the  migration  of  the  chromic  oxide  during  the  alteration  of  the  perido- 
tite rocks.  As  a  further  extreme  in  the  alteration  a  change  to  a  more  or  less 
pure  magnetite  occurs. 

Dr.  Wadsworth^s  conclusions  are  deduced  from  a  microscopic  study 
of  the  minerals.  As  chromite  is  a  mineral  that  suffers  but  slight  altera- 
tion, most  occurrences  doubtless  represent  the  original  mineral  and  not  an 
altered  form.  A  beginning  of  alteration,  however,  has  been  observed  in 
the  Buck  Creek  chromite  (p.  75)  in  which  translucent  grains  are  sur- 
rounded by  an  opaque  mantle  through  loss  of  alumina  and  chromium 
oxide  in  the  formation  of  the  chlorite,  kammererite.  With  a  decrease  in 
the  ratio  of  the  molecule  MgAljO^,  and  a  corresponding  increase  in  the 
molecule  FeCroO^,  the  more  opaque  the  mineral  becomes. 

These  two  minerals,  picotite  and  chromite,  belong  to  the  same  group 
and  are  closely  allied  to  each  other;  but  they  represent  two  primary 
minerals,  and  not  different  stages  in  the  alteration  of  one  mineral. 

•  Llthoiogical  studies,  p.  184. 
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All  the  analyses  of  the  mineral  classified  as  picotite  that  have  been 
examined  show  a  nearly  uniform  composition,  and  one  that  is  decidedly 
different  from  that  shown  by  analyses  of  chromite. 

In  the  analyses  of  the  Webster  chromite,  mitchellite,  the  largest 
percentage  of  MgO  was  obtained,  and  in  the  calculation  of  the  ratios  the 
formula  was  shown  to  be  FeCr204 ;  MgCroO^ ;  2MgAl204 ;  this  being  the 
highest  ratio  of  the  molecule  MgCrjO^  in  any  chromite  examined. 

This  analysis  is  similar  to  that  described  by  Bock  for  the  magno- 
chromite  from  Grochan,  Silesia,  which  contained  CrjOg,  40.78  per  cent; 
AI2O3,  29.92;  FeO,  15.30;  and  MgO,  14. 

It  is  in  order  to  designate  this  Webster  chromite  and  others  of  similar 
composition  that  the  name  mitchellite  was  proposed. 

METHOD  OF  ANALYSIS  OF  CHROMITE. 

Chemists  who  first  attempted  to  analyze  chromite  found  a  great  deal  of 
diflBculty  in  bringing  the  mineral  into  solution,  and  the  same  difficulty 
has  been  experienced  more  or  less  to  the  present  time.  As  chromite  is 
the  source  of  supply  of  chromium,  and  as  its  value  depends  upon  its 
percentage  of  chromic  oxide,  it  has  to  be  constantly  assayed.  The  method 
employed  in  making  the  analyses  of  chromite  given  on  page  3T3  is  as  fol- 
lows : 

Ordinary  method, — The  ore  is  first  ground  to  an  impalpable  powder 
under  water  in  an  agate  mortar.  The  powder  is  fused  several  times 
with  bisulphate  of  potash,  then  taken  up  with  hydrochloric  acid.  If  a 
residue  is  left  this  should  be  dried  and  fused  again  with  bisulphate  of 
potash.  The  solution  is  tested  for  silica,  and  then  the  iron,  aluminum, 
and  chromium  are  precipitated  with  ammonia,  the  precipitation  being 
made  at  least  three  times  in  order  to  throw  down  all  these  metals  free 
from  magnesia.  The  precipitate  of  these  mixed  oxides  is  dissolved  in 
hydrochloric  or  nitric  acid  and  the  excess  of  the  acid  evaporated.  Sodium 
hydroxide  is  then  added  in  excess  and  chlorine  passed  into  the  hot  solution. 
The  solution  is  then  acidified  and  the  iron  and  aluminum  precipitated 
twice  with  ammonia,  leaving  all  but  a  trace  of  chromium  in  solution. 
These  oxides,  after  having  been  dried  and  weighed  (if  iron  and  alumi- 
num are  to  be  determined),  are  fused  with  acid  potassium  sulphate, 
digested  with  water,  acidified,  and  one  precipitation  made  with  ammonia 
to  partially  remove  sulphates.  On  filtering,  this  precipitate  is  redissolved 
by  hydrochloric  acid  and  treated  as  before,  the  trace  of  chromium  re- 
maining in  the  solution.  This  solution  is  then  added  to  that  obtained 
before,   and   to  the   combined   filtrates,   containing  chromium,   alcohol 
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and  hydrochloric  acid  are  added  and  the  solution  is  digested  for  some 
time.  The  chromium  is  precipitated  by  the  addition  of  ammonia  as 
hydroxide  and  weighed  as  CrjOj.  To  insure  the  purity  of  the  precipi- 
tate, fuse  with  four  parts  of  sodium  carbonate  to  one  part  of  potassium 
nitrate,  take  up  the  fusion  with  water,  and  test  for  magnesium. 

This  method  gives  very  satisfactory  and  accurate  results,  but  one  is 
required  in  the  assay  of  ores  that  will  give  quick  determinations  of 
chromic  oxide.  The  volumetric  method  described  by  Mr.  A.  G.  McKenna 
will  be  found  to  be  more  rapid  and  at  the  same  time  sufficiently  accurate. 

McKenna  method. — One  half  gram  of  the  fine,  ground  sample  which  has 
been  dried  at  100°  C.  for  one  hour  is  weighed  into  a  nickel  crucible  of  aboMt 
20  cc.  capacity,  in  which  has  been  placed  three  or  four  grams  of  sodium 
peroxide;  after  thoroughly  mixing  the  contents,  the  crucible  is  held  over  a 
Bunsen  burner  by  means  of  a  pair  of  suitable  shaped  tongs  until  fusion  begins. 
The  mass  is  kept  in  a  liquid  condition  at  a  low  red  heat  for  about  one  minute, 
which  is  sufficient  to  ensure  complete  decomposition,  if  the  ore  is  at  all  finely 
ground.  After  allowing  the  crucible  to  cool,  it  is  placed  in  a  400  cc.  beaker 
with  a  watch  glass  cover  and  hot  water  is  added  until  the  crucible  Is  covered. 

The  beaker  is  placed  on  a  hot  plate  for  a  few  minutes  until  the  fusion  is 
dissolved;  the  crucible  is  then  removed  by  means  of  a  glass  rod  and  the 
contents  of  the  beaker  are  allowed  to  settle  for  a  few  minutes.  When  the 
insoluble  matter  has  subsided  it  is  collected  on  a  9  cm.  filter  paper,  the  filtrate 
being  received  in  a  500  cc.  flask.  The  residue  on  the  paper,  which  contains 
all  the  iron,  Is  ignited  In  a  platinum  crucible,  fused  with  two  or  three  grams 
of  potassium  bisulphate,  dissolved  in  dilute  sulphuric  acid  (1:10),  reduced  by 
filtration  through  amalgamated  zinc,  and  titrated  in  the  usual  manner  with 
standard  permanganate.     The  result  is  calculated  to  ferrous  oxide. 

The  filtrate  in  the  500  cc.  flask,  which  contains  all  the  chromium  as  sodium- 
chromate  in  an  alkaline  solution,  is  boiled  for  about  ten  minutes  in  order  to 
insure  the  removal  of  all  peroxide  which,  if  allowed  to  remain  until  the 
solution  is  acidified,  would  react  on  the  chromate,  reducing  it  to  the  sesqui- 
oxide. 

When  the  removal  of  the  peroxide  is  complete,  the  solution  is  allowed  to 
cool  and  then  acidified  with  a  large  excess  of  dilute  sulphuric  acid  (1:4). 

The  solution  is  transferred  to  a  1,000  cc.  beaker,  and  diluted  to  about  800  cc. 
with  cold  water.  To  this  solution  70  cc.  of  a  ferrous  sulphate  solution,  con- 
taining 10  grams  of  Fe  in  the  ferrous  condition  to  the  liter,  is  added.  This 
is  sufficient  to  reduce  the  chromic  acid  corresponding  to  .3167  grams  of 
chromic  sesquioxide.  The  excess  of  ferrous  sulphate  which  has  been  added 
is  determined  by  back  titration  with  standard  permanganated  solution,  of 
which  1  cc.  is  equivalent  to  1  cc.  of  the  ferrous  sulphate  solution.  Such  a 
permanganate  contains  5.643  grams  KMn04  to  the  liter.  The  difference 
between  the  cubic  centimeters  of  ferrous  sulphate  used  and  cubic  centimeters 
of  permanganate  used,  multiplied  by  .905,  gives  percentage  of  chromic  sesqui- 
oxide in  the  ore. 

There  is  one  suggestion  regarding  this  method  that  may  be  of  some 
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advantage  and  that  is  the  use  of  a  mixture  of  sodium  hydroxide  and 
sodium  peroxide  in  the  fusion  of  the  chrome  ore^  instead  of  the  peroxide 
alone.  The  hydroxide  would  tend  to  decrease  the  violence  of  the  reac- 
tion and  thus  there  would  be  less  chance  of  loss  by  spattering. 

Tests  for  chromium. — In  testing  for  chromium  the  colors  which  it 
imparts  to  the  fluxes  are  usually  sufiBcient  to  serve  for  its  detection  as 
follows :  ^ 

1.  When  a  very  little  of  the  oxide  of  chromium  is  dissolved  in  a  borax 
bead  before  the  blow  pipe  the  bead  will  be  decidedly  yellow  when  hot, 
changing  to  yellowish  green  when  cold.  With  the  addition  of  more  of  the 
chromium  oxide  the  bead  is  red  when  hot,  changing  to  a  fine  yellowish 
green  when  cold.  In  the  reducing  flame  the  bead  assumes  a  fine  green 
color  and  shows  none  of  the  yellow  color  which  was  so  prominent  after 
heating  in  the  oxidizing  flame. 

2.  With  a  salt  of  phosphorus  bead  the  colors  in  the  oxidizing  flame  are  a 
dirty  green  when  hot,  changing  to  fine  green  when  cold,  and  are  about  the 
same  but  not  so  decided  in  the  reducing  flame. 

CHROMITE   LOCALITIES.' 
LOCALITIES  IN  THE  UNFIED  STATES. 

The  mining  of  chromite  in  this  country  has  always  been  attended  with 
considerable  uncertainty  on  account  of  the  pockety  nature  of  the  deposits, 
for,  as  has  been  stated,  chromite  is  not  found  in  veins,  but  in  pockets  or 
bunches  of  ore  of  varying  dimensions,  which  may  or  may  not  be  con- 
nected with  one  another  and  are  limited  in  extent;  so  that  with  the 
exhaustion  of  a  particular  pocket  of  chromite,  there  will  often  be  more 
or  less  dead  work  to  be  done  before  another  is  encountered.  Usuallv 
no  estimate  can  be  made  regarding  the  amount  of  chromite  on  a  property 
beyond  that  which  is  exposed  by  the  actual  work  done.  The  fact  that 
10  tons  or  10,000  tons  have  been  taken  out  of  one  pocket  does  not  signify 
that  it  is  still  a  good  deposit,  but  if  a  certain  pocket  has  been  productive 
of  a  large  3rield,  this  would  serve  as  a  strong  indication  of  the  existence 
of  other  pockets  near  by.  Yet,  in  view  of  the  theory  advanced  for  the 
origin  of  chromite,  if  a  deposit  of  this  mineral  is  found  near  the  contact 
of  peridotite  and  other  country  rock,  and  if  this  peridotite  formation  is 
very  extensive  and  the  chromite  is  found  in  considerable  quantity,  there  is 
a  probability  that  large  deposits  will  be  found  in  the  area. 

The   first   supply   of   chromite   in   this   coimtry   was   obtained   from 

7  See  Penfield's  Determinative  Mineralogy,  1808,  p.  69. 

•  Min.  Res.,  U.  8.  Ge«l.  Survey,  1900,  Pamphlet  on  Chrome  Ore. 
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Chester  and  Delaware  counties,  Pa.,  and  Baltimore  County,  Md.  As 
these  deposits  began  to  be  exhausted,  chromite  was  discovered  in  Cali- 
fornia, and  for  a  time  the  deposits  in  the  neighborhood  of  San  Luis 
Obispo  furnished  practically  all  the  chrome  ore  used  in  the  United  States. 
This  ore  was  soon  superseded  by  chromite  imported  from  Turkey  and 
Russia,  with  smaller  amounts  from  Quebec  and  Newfoundland. 

Pennsylvania  and  Maryland.^ — These  two  States  were  formerly  the 
source  of  the  chromite  supply  for  the  United  States.  The  deposits  were 
located  in  Chester  and  Delaware  counties.  Pa.,  and  in  Baltimore,  Cecil, 
and  Harford  counties,  Md.  The  most  celebrated  of  the  mines  in 
Pennsylvania  was  the  Wood  chrome  mine,  situated  not  far  from  Horse- 
foot  Ford  of  the  Octoraro  River.  To  the  south  of  the  Wood  is  the  Line 
mine,  so  named  because  it  was  situated  immediately  on  the  boundary 
line  between  Pennsylvania  and  Maryland. 

The  more  important  deposits  at  which  chromite  was  mined  in  Mary- 
land were  in  Green  Spring  Valley,  at  Bare  Hills,  Soldiers  Delight,  and 
Owings  Mills,  in  Baltimore  County.  These  mines,  however,  are  sup- 
posed to  be  practically  exhausted,  and  but  very  little  chromite  is  now 
obtained  from  this  State.  About  2  miles  northwest  of  Sylmar  Station, 
on  the  Philadelphia,  Wilmington  and  Baltimore  Railroad,  a  small  amount 
of  chromite  in  the  form  of  chrome  sand  is  obtained  from  the  Tweed 
chrome  mine  **  on  the  property  of  Mansell  Tweed.  The  property  is  about 
3  miles  southeast  of  the  Wood  mine  referred  to  above. 

The  first  chromite  that  was  found  in  Maryland  was  on  the  Reed  farm, 
located  in  Harford  County,  about  27  miles  northeast  of  Baltimore.  The 
attention  of  Mr.  Isaac  Tyson,  Jr.,  was  called  to  this  chromite  by  noticing 
some  heavy  black  stones  that  were  used  for  keeping  a  barrel  from 
rolling  in  a  cart  that  stood  in  the  city  market  place.  On  perceiving  what 
they  were  and  on  finding  where  they  came  from,  he  immediately  took 
means  to  obtain  possession  of  the  property  on  which  they  had  been  picked 
up,  and  this  was  the  beginning  of  the  chrome  industry  of  the  Tysons. 
The  ore  first  mined  was  hauled  to  Baltimore  and  then  shipped  to  Liver- 
pool. The  next  discovery  of  chromite  was  in  the  form  of  sand  in  the 
beds  of  brooks  on  a  tract  of  land  called  Soldiers  Delight,  in  Green 
Spring  Valley,  Baltimore  County,  16  miles  northwest  of  Baltimore. 

The  following  year,  1828,  Mr.  Tyson,  while  in  Lancaster  County,  Pa., 
observed  chromite  on  the  Wpod  farm  in  quantity  that  far  exceeded 

•  2d  Geol.  Survey  Pennsylvania,  Vola.  CCC,  1880.  and  C  4,  1883  ;  Am.  Inst.  Mln.  Eng. 
Vol.  XXV,  1895,  p.  381  ;  Mln.  Res.  U.  S..  1883-84,  p.  568 ;  Mln.  Res.  U.  S..  Part  III, 
1895-96 ;  and  Geol.  Surv.,  Md.,  Vol.  I,  1897. 

i*'  Engr.  and  Mln.  Jour.,  Aug.  5,  1899. 
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that  which  he  had  seen  on  the  surface  at  the  Reed  mine.  Ue  at  first 
leased  the  mineral  right  of  the  farm  and  finally  acquired  it  in  fee  simple. 
This  is  the  deposit  that  developed  into  the  famous  Wood  mine,  referred 
to  above,  which  has  furnished  shont  95,000  tons  of  chromite. 

The  chromite  mines  near  Kock  Springs,  in  Cecil  County,  were  the  next 
ones  discovered.  These  lie  close  to  the  Pennsylvania  line,  and  as  mining 
was  continued  the  deposits  were  found  to  extend  over  the  State  line  into 
Pennsylvania,  and  it  is  this  deposit  that  is  known  as  the  Line  mine. 

Most  of  the  chromite  ore  that  has  been  obtained  from  Marvland  has 
been  in  the  form  of  sand.  South  of  Baltimore  diligent  search  has  been 
made  for  chromite,  but  no  indications  of  profitable  deposits  have 
been  observed.  The  valuable  chromite  territorv  that  is  known  to  exist 
in  Pennsylvania  or  l^faryland  lies  in  a  strip  of  land  extending  from 
Soldiers  Delight,  16  miles  northwest  of  Baltimore,  to  the  Boone  farm, 
10  miles  east  of  the  Wood  mine,  making  a  total  distance  of  about  (50 
miles.  There  are  still  valuable  chromite  sand  deposits  in  this  section, 
but  they  cannot  compete  with  that  imported  from  Turkey. 

Calif ornia.^^ — Along  the  Pacific  coast  basic  magnesium  rocks  are  found 
abundantly,  especially  in  California,  where  they  are  known  to  outcrop  in  at 
least  thirty  counties.  .  Associated  with  many  of  these  rocks  is  chromite, 
and  at  a  number  of  localities  it  has  been  mined.  The  following  counties 
are  those  in  which  chromite  deposits  of  some  extent  have  been  located : 
Alameda,  Calaveras,  Del  Xorte,  Fresno,  ^fendocino,  Xapa,  Placer,  San 
Luis  Obispo,  Santa  Clara,  Shasta,  Sierra,  Sonoma,  and  Tehama.  Be- 
sides these  counties,  there  are  many  others  in  which  chromite  has  been 
observed,  although  nothing  has  been  done  to  determine  whether  or  not 
it  occurs  in  quantity. 

^fore  or  less  platinum  has  been  found  in  the  ])la(er  deposits  of  many 
of  the  counties,  although  none  has  been  found  in  ])lace  in  tliis  State. 
Where  platinum  has  been  found  in  place  it  is  with  peridotite  rocks  and 
with  chromite.  The  extensive  outcrops  of  these  peridotite  rocks  or  their 
alteration  product,  serpentine,  that  occur  in  California,  associated  with 
which  there  is  more  or  less  chromite,  seem  to  offer  a  very  promising 
field  for  platinum  ])rospecting  as  well  as  chromite.  It  is  not  unreasona- 
ble to  expect  that  platinum  will  be  found  in  quantity  in  places  in  this 
rock. 

"Mln.  Res.  U.  S.,  1882,  p.  428:  lJ<8a-S4,  p.  5G0  :  1885,  p.  'ATu,  :  188«,  p.  176;  1887, 
p.  132:  1890.  p.  119;  California  Mines  &  Minerals,  by  Cal.  Miners'  Assoc.  San  Fran- 
cisco, Tal..  1899,  pp.  49,  331.  389;  Geol.  Snrv..  Cal.,  Vol.  I.  1805.  pp.  19,  59;  and  Ann. 
Kept.  State  Mineralogist,  1884,  p.  12(5,  and  1880,  p.   100. 
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North  Carolina,^* — Although  prospecting  for  chrome  ore  in  this  State 
was  first  undertaken  over  thirty  years  ago  and  has  been  continued 
spasmodically  ever  since,  there  has  never  been  any  systematic  develop- 
ment of  the  localities. 

In  the  alluvial  deposits  at  the  base  of  the  peridotite  outcrops  there  is 
usually  a  considerable  amount  of  chromite  crystals  and  particles,  but 
nowhere  have  they  been  observed  in  sufficient  quantity  to  constitute  a 
chrome  sand  ore. 

The  chrome  ore  is  nearly  uniform  in  general  character  throughout  the 
entire  area,  being  very  hard  and  compact,  though  often  of  a  fine  granular 
appearance,  and  there  is  but  litle  that  is  at  all  friable.  The  masses 
of  chromite  are  usually  very  free  from  seams  of  peridotite  or  its  altera- 
tion products.  This  simplifies  the  concentration,  and  a  high  grade  ore 
can  usually  be  obtained  by  cobbing  and  hand  picking. 

In  the  following  descriptions  of  localities  only  those  are  mentioned 
in  which  the  chromite  occurs  otherwise  than  in  grains  or  small  nodules, 
and  full  description  is  given  only  of  those  localities  in  which  the  ore  is 
found  in  quantity. 

Mr.  H.  B.  C.  Xitze"  mentions  the  occurrence  of  chromite  in  small 
pockets  or  seams  in  the  drainage  basin  of  Cove  Creek,  Watauga  County,  7 
miles  northwest  of  Boone.  On  the  farm  of  David  Lawrence  a  pocket  of 
chromite  was  opened  that  yielded  about  10  tons  of  ore.  When  this 
pocket  had  been  exiiausted  no  further  prospecting  was  undertaken. 

In  Yancey  County,  one  of  the  two  most  important  deposits  in  the 
State  occurs  at  Mine  Hill,  on  the  Mine  Fork  of  Jack  Creek,  5  miles 
north  of  Burnsville,  the  county  seat,  on  the  Bakersville  Koad,  where  a 
large  peridotite  (dunite)  formation  outcrops  on  both  sides  of  the  road. 
Seams  or  pockets  of  chromite  ore  are  abundant  in  this  peridotite,  varying 
from  0.5  inch  to  3  inches  in  thickness.  Near  the  summit  of  the  hill, 
on  the  oast  side  of  the  road,  about  150  feet  above  the  road  and  stream  bed, 
a  dej)osit  of  chromite  has  been  opened  from  which  25  tons  of  ore  were 
taken,  a  large  part  of  which  still  remains  on  the  dumps.  A  pit  9  feet  deep 
waji  sunk  on  the  deposit;  but  this  has  been  filled  with  water  since  the 
work  ceased,  so  that  no  estimate  can  be  made  of  the  extent  of  the  deposit. 
Mr.  Garrett  Kay  of  Burnsville,  N.  C,  the  owner,  reports  that  the  chrom- 
ite widened  to  between  2  and  3  feet  at  the  bottom  of  the  pit.  There  are 
other  promising  seams  or  veins  which  appear  to  indicate  the  existence  of 
a  deposit  of  chromite  ore  near  the  contact  of  the  peridotite  and  gneiss. 

"Am.  Inst.  Min.  Eng.,  Vol.  XXIX,  1899,  p.  36;  Engr.  and  Min.  Jour.,  Aug.  18,  1900: 
Seventeenth  Ann.  Kept.  U.  S.  Geol.  Survey,  Part.  Ill,  1896,  p.  461  ;  Min.  Res.  U.  S., 
U.  S.  Geol.  Survey,  1900,  Pamphlet  on  Chrome  Ore. 

"  Bull.   North   Carolina  Geol.   Survey  No.   1.  p.   212. 
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On  the  west  side  of  the  road  the  peridotite  formation  rises  in  another 
hill,  and  here  there  are  numerous  small  seams  and  pockets  of  chromite. 
On  the  extreme  western  slope  of  the  formation  a  trench  has  been  cut  100 
feet  or  more  into  the  hill,  in  which  are  exposed  many  small  pockets  of 
chromite.  The  work  done  in  this  trench  is  of  a  prehistoric  character, 
and  whether  the  object  of  the  exploration  was  chromite  or  not  has  never 
been  explained. 

With  the  exception  of  the  pit  sunk  near  the  summit  of  Mine  Hill, 
from  which  a  few  tons  of  ore  were  shipped,  no  mining  has  been  done 
here,  and  very  little  prospecting  has  been  undertaken  to  determine  the 
exact  extent  of  the  chromite  deposits.  The  distance  from  the  railroad 
has  greatly  discouraged  systematic  prospecting  in  this  region.  The 
shipping  point  at  the  time  this  work  was  done  was  Asheville,  on  the 
Southern  Eailway,  about  40  miles  to  the  south.  The  railroad  from  Er- 
win,  Tenn.,  to  Marion,  N.  C,  which  is  now  partially  completed,  passes 
within  3  or  4  miles  of  this  locality. 

An  analysis  of  a  selected  specimen  of  the  chromite  (Baskerville, 
analyst)  gave  the  following  results: 

Analysis  of  selected  specimen  of  chromite  from  Mine  Hill,  5  miles 

north  of  Burnsville,  Yancey  County. 

Per  cent.  Per  cent. 

Cr,0,     58.00  MgO    8.26 

AljO,     15.52  SiO,     3.20 

FeO     14.45  CaO     70 

Although  this  analysis  represents  a  selected  sample  of  the  chromite, 
yet  from  the  character  of  the  material  it  is  not  unreasonable  to  expect 
an  ore  that,  by  handpicking  and  cobbing,  will  assay  in  the  neighborhood 
of  52  per  cent  of  chromic  oxide,  with  a  low  percentage  of  silica. 

About  9  miles  west  of  Burnsville,  near  Price  Creek,  there  is  a  narrow 
bed  of  peridotite  on  the  land  of  Mr.  W.  A.  Robertson,  a  quarter  of  a 
mile  from  Price  Creek  post-office.  A  pocket  of  chromite  discovered 
here  yielded  nearly  7  tons  of  ore.  This  exhausted  the  pocket  and  since 
then  no  prospecting  has  been  done  in  this  vicinity. 

An  analysis  of  a  selected  sample  of  this  ore  (Baskerville,  analyst)  gave 
the  following  result: 

Analysis  of  selected  sample  of  chromite  from  Price  Creek,  9  miles 

west  of  Burnsville,  Yancey  County. 

Vvr  cent.                                                                  Per  cent. 
CnO,     59.20      MgO    4.42 

A1,0,     7.15      SIO,     3.20 

FeO     25.02      MnO    92 
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In  Jackson  County,  in  the  vicinity  of  Webster,  there  is  a  large  perido- 
tite  (dunite)  formation  extending  from  about  half  a  mile  north  of  the 
town  to  a  mile  and  a  quarter  south.  The  widest  part  of  the  area,  about 
half  a  mile,  is  at  Webster,  the  town  being  partly  built  on  the  dunite  hill. 
The  Tuckaseegee  River  cuts  through  this  formation  about  half  a  mile 
below  the  town.  Considerable  prospecting  has  been  carried  on  in  this 
region,  and  numerous  veins  and  pockets  of  chromite  of  varying  extent 
have  been  discovered. 

The  only  deposit  of  any  note  found  on  the  north  or  Webster  side  of  the 
river  is  on  the  east  side  of  the  Tuckaseegee  road,  about  200  yards  from 
the  main  street  of  the  town,  on  the  land  of  Daniel  Schneider.  A  pocket 
of  chromite  was  uncovered  here  which  yielded  a  number  of  tons  of 
chromite,  most  of  which  was  shipped.  At  a  depth  of  nearly  9  feet  the 
pocket  pinched  out,  leaving  but  a  small  seam  of  chromite  in  sight.  Many 
small  seams  and  pockets  of  chromite  are  to  be  seen,  but  no  other  work  has 
been  undertaken  for  chromite  on  this  side  of  the  river. 

On  the  south  side  of  the  river,  following  closely  the  contact  of  the 
dunite  with  the  gneiss,  a  line  of  prospect  pits  has  been  dug  which  shows 
the  presence  of  a  considerable  amount  of  chromite.  The  prospecting  has 
been  done  on  the  lands  of  Joseph  Hooker,  Lawrence  Buress,  Alf  Wilson, 
James  Ashe,  and  Daniel  Fullbright,  all  of  Webster,  N.  C.  The  most 
promising  deposits  are  one  on  the  land  of  James  Ashe,  where  a  cut  25  feet 
long,  6  to  8  feet  wide,  and  8  to  10  feet  deep  was  sunk  on  a  vein  of  chromite 
12  to  18  inches  thick,  which  at  the  bottom  of  the  cut  is  12  inches  thick; 
and  another  on  the  land  of  Daniel  Fullbright,  where  a  seam  nearly  12 
inches  thick  is  exposed  in  the  branch.  The  nearest  shipping  point  is 
Sylva,  on  the  Southern  Railway,  3  miles  north  of  Webster. 

Chromite  has  been  found  at  a  number  of  places  in  the  masses  of  peri- 
dotite  within  2  or  3  miles  southwest  from  Balsam  Gap,  Jackson  County. 
The  most  promising  outlook  for  a  large  deposit  is  on  Dark  Ridge  Creek, 
about  525  feet  south  of  the  Dark  Ridge  trestle  of  the  ^furphy  Branch  of 
the  Southern  Railway.  On  the  east  side  of  the  creek  a  cut  18  feet  deep 
and  10  feet  wide  was  made  on  the  pocket  of  chromite,  from  the  bottom 
of  which  two  seams  of  chromite,  6  and  8  inches  thick,  respectively, 
extended.  Fifteen  tons  of  ore  were  taken  out  of  the  main  pocket. 
About  200  yards  farther  south,  on  the  opposite  side  of  the  creek,  a  shal- 
low pit  was  sunk  which  encountered  considerable  chromite.  Both  these 
openings  were  near  the  contact  of  the  peridotite  and  gneiss.  Between 
these  and  in  their  near  vicinity  there  is  a  large  quantity  of  float  ore. 
These  facts  point  to  this  locality  as  one  worthy  of  further  development, 
with  an  expectation  of  finding  a  large  quantity  of  ore.     Its  proximity 
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to  the  railroad  is  also  a  great  advantage.  Analyses  show  the  ore  to  carry 
about  49  per  cent  of  CrjOj.  The  property  is  owned  by  the  Highland 
Forest  Company,  of  Waynesville,  N.  C. 

No  large  deposits  of  chromite  have  yet  been  found  in  North  Carolina, 
but  the  work  done  shows  that  extensive  deposits  may  exist  in  the  State, 
those  described  above  being  the  most  promising  ones  known. 

The  standard  chrome  ore  contains  50  per  cent  of  CrjOj,  and  the  value 
of  the  ore  increases  with  each  unit  over  this.  Ores  as  low  as  45  per  cent 
of  CrgOg  find  a  ready  market  if  they  are  low  in  silica.  The  North  Caro- 
lina ores  are  of  high  grade  and  are  usually  low  in  silica. 

FOREIGN   LOCALITIES. 

Turkey. — Most  of  the  chromite  that  is  brought  into  the  United  States 
comes  from  Turkey."  There  are  two  principal  regions  in  which  the 
chrome  deposits  are  located ;  the  European  field,  of  which  the  province  of 
Uskup,  on  the  river  Vardar,  is  the  principal  province,  and  whose  shipping 
point  is  Salonica;  and  the  Asiatic  field,  of  which  the  government  of 
Broussa  and  the  government  of  Smyrna  are  the  two  principal  districts. 
These  ores  usually  carry  from  50  to  52  per  cent  of  chromic  oxide,  and  the 
mines  are  probably  the  most  extensive  now  in  operation. 

Turkey  furnishes  most  of  the  chromite  supply  for  the  world,  and  it 
has  been  estimated  that  there  is  enough  chromite  in  sight  at  a  number  of 
different  places  in  Turkey  to  more  than  supply  the  world's  demand  for 
many  years  to  come.  If,  however,  chromite  could  be  found  in  suffi- 
cient quantity  with  a  high  enough  per  cent  of  chromic  oxide  it  could 
enter  into  competition  with  the  Turkish  chromite  if  transportation 
facilities  were  given. 

Russia. — Only  scattered  references  can  be  obtained  regarding  the 
chromite  deposits  of  Russia,"  which  are  associated  with  the  basic  magne- 
sian  rocks  of  the  Urals.  The  mineral  is  found  in  large  granular  masses 
iu  these  rocks  in  several  places  near  Ekaterinburg,  also  8  miles  from 
Bessirk,  and  near  Kyschtinsk.  Chromite  is  also  found  at  the  platinum 
placer  mines  at  Nizhne-Taghilck,  in  the  Goroblagodat  region. 

Chromite  has  also  been  mined  in  Greece. 

Netv  Caledonui. — The  deposits  in  New  Caledonia  are  beginning  to  be 
worked  to  considerable  extent.  The  ore  is,  as  a  rule,  shipped  from 
Xumea  to  Australian  ports,  and  thence  to  Europe  as  ballast  in  ships 
laden  with  wool;  from  there  some  of  it  is  reshipped  to  this  country. 

"  Nineteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  Part  VI,  1898,  p.  261. 
»»Min.  Res.  U.  S.,  1890,  p.  120. 
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It  is  very  probable,  however,  that  steamers  will  load  at  Xumea  and  come 
directly  to  this  country. 

Deposits  of  chromite  have  also  been  found  in  Xew  South  Wales. 

Cuba, — Serpentine  rocks  are  found  rather  abundantly  in  portions 
of  Cuba,  especially  in  Puerto  Principe  province,  but  they  have  been 
studied  only  a  little,  so  that  information  regarding  them  and  their  exact 
locality  and  occurrences  is  meager.  Chromite  has  also  been  found  in  this 
province,  but  the  exact  locality  could  not  be  ascertained.  The  specimen 
seen  weighed  about  a  quarter  of  a  pound  and  was  hard,  tough,  massive 
chromite,  which  did  not  show  any  seams  of  impurities.  It  is  not  at  all 
improbable  that,  as  investigations  are  carried  on  regarding  the  geology 
and  mineral  resources  of  Cuba,  this  serpentine  or  other  basic  magnesian 
*  rocks  will  be  found  to  contain  chromite  in  quantity. 

Newfoundland, — The  deposits  of  this  mineral  in  Newfoundland  are 
attracting  considerable  attention,  and  many  tons  of  the  ore  have  been 
imported  into  the  United  States,  although  the  per  cent  of  chromic  oxide 
is  only  about  49.  The  deposits  are  located  at  Bluff  Head,  on  Port  au 
Port  Bay,  on  the  west  coast  of  Newfoundland,"  about  30  miles  from 
Sandy  Point,  on  Bay  St.  George.  This  point  can  be  reached  by  steamer 
from  Halifax  and  North  Sidney,  Cape  Breton. 

Bluff  Head  is  a  bold  headland  which  rises  almost  vertically  from  the 
shore,  between  which  and  another  headland  of  less  altitude,  about  a  mile 
and  a  half  to  the  north,  the  shore  line  drops  down  to  about  a  hundred  feet, 
the  high  hills  receding  for  1^  to  2  miles.  As  far  as  has  been  determined, 
the  country  rock  of  this  section  is  principally'  a  diorite,  which  is  traversed 
by  numerous  broad  belts  of  serpentine  of  a  dark-green,  almost  black,  color. 
Large  bodies  of  chromite  were  found  in  this  serpentine,  and  the  mining 
of  this  mineral  has  developed  into  an  industry  of  some  importance  for 
Newfoundland. 

The  ore  varies  considerably  in  its  percentage  of  chromic  oxide,  some 
samples  showing  as  low  as  39  per  cent,  and  others  as  high  as  50  per 
cent,  with  the  larger  amount  of  the  ore  ranging  from  47  to  49  per 
cent.  Mining  has  been  continued  here  since  the  deposit  was  first  dis- 
covered, and  it  still  remains  the  most  important  chromite  locality  on  the 
island.  But  little  chromite  has  been  mined  during  the  past  2  years, 
mainly  on  account  of  the  short  season  available  for  mining  and  shipping, 
but  also  because  of  the  difficulty  in  shipping  the  ore,  which  has  to  be  loaded 
on  the  steamers  and  sailing  vessels  by  means  of  scows  and  dories. 

Canada. — The   Canadian  chromite  deposits  are  in   the   Province  of 

"Am.  Inst.  Mln.  Bug.,  Vol.  XXVII,  1897,  p.  283. 
25 
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Quebec,  oceurring  in  the  belt  of  altered  peridotite  rocks  (serpentine)  that 
are  found  in  the  vicinity  of  Black  Ijake  and  Colraine.  A  granitic  rock 
is  the  main  country  rock  of  this  district.  The  peridotite  rocks  in  this 
general  district  form  a  series  of  approximately  parallel  belts  of  varying 
width,  which  can  be  traced  in  a  general  northeast-southwest  direction 
for  a  distance  of  over  20  miles.  These  rocks  are  not  continuous  in  this 
distance,  but  are  interrupted  by  masses  and  narrow  dikes  of  the  granitic 
rock.  Seams  and  smaller  masses  of  granite  are  found  entirely  sur- 
rounded by  the  peridotite  or  its  altered  facies,  serpentine. 

From  this  section  there  has  been  in  the  neighborhood  of  25,000  tons  of 
chromite  shipped,  which  was  obtained  from  many  openings,  some  of 
which  have  been  worked  to  a  depth  of  more  than  100  feet.  A  consider- 
able part  of  the  ore  mined  consists  of  a  more  or  less  intimate  mixture  of 
chromite  and  serpentine,  which  has  to  be  milled  and  concentrated  before 
its  percentage  of  chromic  oxide  is  sufficiently  high  to  make  it  marketable. 
The  ore  that  is  sold  crude  varies  in  its  contents  of  chromic  oxide  (CrjOg) 
from  45  to  51  per  cent.  The  ores  will  not,  as  far  as  can  be  judged,  make 
high  grade  ores,  and  while  they  will  approximate  50  per  cent,  they  will 
be  more  likely  to  be  under  this.  Many  of  these  deposits  are  favorably 
located  for  mining  and  all  are  within  a  few  miles  of  the  Quebec  Central 
Railroad.  These  deposits  are  now  being  worked  by  three  different  com- 
panies, and  the  output  is  expected  to  be  constantly  increased  for  some 
time  to  come. 

USES  OF  CHROMITE." 

The  uses  of  the  mineral  chromite  are  somewhat  varied,  and  can 
readily  be  brought  under  three  heads : 

1.  Uses  of  the  mineral  itself. 

2.  Uses  of  chromium  alloys  and  metallic  chromium. 

3.  Uses  of  chromium  salts. 

It  is  only  within  the  past  two  years  that  there  has  been  any  use  for 
the  metal  itself  in  the  arts.  Metallic  chromium  has  been  prepared  by 
intensely  heating  the  oxide  with  charcoal,  or  by  reducing,  at  high  tem- 
peratures, the  cliromium  chloride  with  zinc.  The  metal  obtained  in  this 
way  is  as  hard  as  corundum,  and  is  more  infusible  than  platinum.  Ac- 
cording to  the  Journal  of  the  Franklin  Institute  of  Philadelphia,''  good 
deposits  of  chromium  can  be  obtained  on  a  carbon  cathode,  or  on  plati- 
num, brass,  or  lead,  by  means  of  a  divided  cell  containinfr  a  chromic  salt 
at  the  cathode  and  an  acid  or  saline  solution  at  the  anode.     The  electro- 

"  Pratt,  MIn.  Res.  U.  S.,  U.  S.  Oeol.  Survey,  1001,  pp.  941-945;  and  1903,  p.  298. 
"  November,  1901  ;  and  Eng.  and  MIn.  Jour.,  November  16,  1901. 
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lytic  chromium  obtained  in  this  way  is  bright  gray  and  lustrous,  but  it 
has  a  tendency  to  peel,  due  probably  to  films  of  an  oxide. 

With  the  introduction  of  the  Goldschmidt  thermit  process  for  the 
reduction  of  the  metallic  oxides  to  the  metal  by  means  of  powdered  metal- 
.lio  aluminum  (see  description,  page  337),  it  has  become  possible  to  pro- 
duce the  metal  chromium  commercially. 

1.  Chromite  as  a  mineral  is  used  in  the  manufacture  of  bricks  for  basic 
open-hearth  furnaces.  One  method  of  preparing  these  bricks  is  by  the 
mixture  of  chrome  ore,  bauxite,  and  milk  of  lime.  The  Harbison  and 
Walker  Company,  of  Pittsburgh,  Pa.,  has,  during  the  last  few  years,  made 
very  extensive  experiments  regarding  the  manufacture  of  chrome  bricks, 
and  is  producing  a  brick  that  is  giving  very  good  satisfaction.  These 
bricks  have  been  used  as  linings  on  a  number  of  furnaces,  and  at  one  fur- 
nace over  400  heats  were  turned  out  before  the  lining  had  to  be  replaced. 
Although  the  price  of  these  chrome  bricks  is  considerably  higher  than  that 
of  silica  bricks,  yet  on  account  of  their  lasting  so  much  longer  they  are 
much  more  desirable.  They  are  also  found  to  be  useful  for  quick  repairs 
in  a  furnace  while  it  is  running  at  full  heat,  as  the  chrome  bricks  are 
not  affected  by  either  sudden  heating  or  sudden  cooling.  Their  use 
in  the  back  walls  of  gas-ports  has  decreased,  and  a  magnesia  brick  has,  as 
a  rule,  been  substituted  for  them.  It  can  also  be  used  to  advantage  for 
lining  the  top  hole  and  lip  of  blast  furnaces,  as  it  is  very  little  affected 
by  either  the  molten  metal  or  slag. 

Another  use  that  is  being  advocated  for  the  mineral  chromite  is  as  a 
hearth  lining  for  water-jacket  furnaces  in  copper  smelting,  and  this 
use  has  already  begun  to  a  limited  extent.  In  general,  it  may  be  said, 
that  wherever  chromite  has  been  thoroughly  tried  in  this  way  it  has  given 
satisfaction.  There  are  a  number  of  reasons  whv  chromite  is  well 
adapted  for  this  purpose :  It  is  infusible;  it  does  not  become  friable  when 
heated  and  cooled;  it  is  not  affected,  practically,  at  all  by  sudden  heating 
or  coolin<):;  it  is  attacked  by  the  products  formed  in  the  fusion  of  the 
copper  ore;  and,  on  account  of  its  hardness,  it  will  be  worn  away  but 
slowly  by  the  flow  of  the  fluids  over  it.  At  the  Richmond  meeting 
(1901)  of  the  American  Institute  of  Mining  Engineers,  ^Ir.  W^illiam 
Glenn,  of  Baltimore,  presented  an  interesting  paper  on  The  use  of 
chromite  as  a  hearth  lining  for  a  furnace  smelting  copper  ore.  This 
paper  gives  the  results  of  the  construction  of  a  chrome-ore  bottom  for 
a  water- jacketed  cupola  copper  furnace  built  at  the  Elizabeth  mine  in 
Stratford,  Vt.  The  work  on  this  furnace  was  done  under  the  manage- 
ment of  Mr.  James  W.  Tyson,  Jr.,  of  Baltimore.     The  method  of  con- 
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struction  of  the  bottom  of  the  furnace,  which  was  to  contain  the  chrome 
ore,  is  described  as  follows : 

To  contain  the  chrome  ore  and  form  with  it  the  furnace  bottom,  he  con- 
structed a  cast-iron  basin  with  surrounding  flange,  the  outer  edges  of  which 
coincided  with  the  exterior  walls  of  the  water  jacket.  The  bottom  of  the 
basin  is  a  united  arch  of  36-inch  chord  and  12-inch  versed  sine,  and  1  inch  in 
thickness,  except  the  flanges,  which  aro  1.5  inches  thick.  It  is  in  two  sections, 
each  of  which  is  5  feet  7  inches  long  E^ach  section  is  reinforced  by  three 
ribs,  1  inch  in  thickness  and  depth,  by  means  of  two  of  which  the  sections 
were  bolted  together  with  an  asbestos  gasket  in  the  joint.  The  two  outer 
ends  of  the  basin  were  closed  by  segments  which  were  cased  with  the  sections. 
The  basin  was  supported  by  ten  jackscrews  placed  under  its  flanges,  and  was 
thus  held  securely  up  against  the  bottom  of  the  water  jackets,  leaving  free 
for  inspection  the  entire  underside  of  the  basin.  The  chrome  ore  was  filled 
into  the  basin,  just  filling  the  basin  and  reaching  no  higher  than  the  bottoms 
of  the  four  water  jackets  which  form  the  four  walls  of  the  cupola.  The  ore 
used  was  of  all  sizes,  from  10-inch  cubes  and  downward  through  all  dimen- 
sions even  to  dust. 

Mr.  Glenn  states  that  no  perishable  cementing  material  was  employed. 

The  lumps  of  ore  were  fitted  in  as  well  as  possible;  the  interstices  were  then 
filled  in  with  smaller  lumps,  which  were  hammered  in;  finally,  the  cracks 
were  filled  with  ground  ore,  thus  making  the  bottom  of  the  furnace  consist 
of  well-packed  ore.  A  course  of  fire  bricks,  standing  on  end,  was  laid  over 
the  whole  of  the  chrome-ore  hearth.  It  has  not  been  determined  what  depth 
of  fire  brick  should  be  employed,  or  whether  any  covering  at  all  is  needed. 
This  chromite  cupola  bottom  has  given  good  satisfaction  for  over  a  year, 
where  a  corresponding  fire-brick  bottom  would  not  have  lasted  more  than  a 
week. 

A  blister-copper  reverberatory  furnace  was  erected  at  the  same  mine  in 
Stratford,  Vt.,  and  chromite  was  used  in  the  hearth  and  adjacent  walls,  the 
bridge  wall  being  entirely  constructed  of  chrome  ore.  The  slag  line  of  the 
hearth  was  built  around  with  chrome  ore,  and  neither  this  nor  the  bridge 
wall  has  shown  any  noticeable  attack  upon  them. 

Our  experience  leads  us  to  believe  that  the  bridge  wall  of  a  blister-furnace 
should  be  lined  with  blocks  of  chrome  ore,  compacted,  as  far  as  possible,  and 
that  the  slag  line  of  the  furnace  hearth  should  be  formed  of  blocks  of  chrome 
ore  at  out  10  inches  in  height.  We  would  build  the  larger  blocks  into  the 
walls,  as  best  we  could,  and  then  wedge  the  smaller  ones  in  among  them. 
The  work  would  appear  rude  and  unskillful  when  looked  upon  after  comple- 
tion. Blocks  of  chrome  ore  are  rough  in  outline;  they  do  not  readily  lend 
themselves  to  wall  building.  There  is  no  mortar  wherewith  to  form  an 
inviting  exterior  to  the  work,  and  there  is  no  other  deceitful  adjunct  present. 

Chrome  ore  has  been  used  to  some  extent,  or  is  about  to  be  tried,  at 
the  Duektown  furnaces  at  Duektown,  Tenn.  The  results  that  have  been 
obtained  from  practical  tests  of  the  use  of  chromite  in  this  capacity, 
arid  its  known  resistance  to  all  kinds  of  acids  and  fused  sla<2:s,  which  has 
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been  demonstrated  in  the  laboratory,  go  to  prove  that  as  the  mineral  be- 
comes better  known  among  copper  smelters  it  will  be  more  universally 
used,  and  the  smelters  will  find  it  true  economy  to  make  the  linings  of 
the  furnaces  of  chrome  ore.  It  is  very  probable  that  as  more  practical 
tests  are  made,  chrome  ore  will  prove  equally  available  and  useful  in  other 
furnaces  and  converters,  and  its  use  will  permit  of  a  more  general  use  of 
the  mineral  fluorspar  as  a  flux  in  smelting  different  ores.  As  far  as  can 
be  determined,  it  is  not  necessary  to  use  what  are  considered  the  best 
chromic  iron  ores,  those  that  contain  50  per  cent  or  more  of  chromic 
oxide;  the  lower  grades  of  ore,  carrying  40  ])er  cent  and  upward  of 
chromic  oxide,  are  just  as  serviceable,  and  these  ores  are  much  more  avail- 
able and  cheaper. 

This  use  of  chromite  should  produce  a  demand  for  the  chromite  ores 
of  Xorth  Carolina,  which  would  be  available  for  the  smelters  at  the 
Yirgilina  copper  district  of  Virginia  and  North  Carolina,  the  Ore  Knob 
and  Gold  Ilill  copper  districts  of  North  Carolina,  and  the  Ducktown 
district  of  Tennessee.  In  the  same  way  the  chromite  deposits  of  Cali- 
fornia should  become  available  for  the  same  purpose  in  the  copper  dis- 
tricts of  Arizona,  Utah,  and  Montana. 

2.  Chromium  allojjs. — The  principal  use  of  chromium  as  an  alloy  is  in 
the  manufacture  of  ferro-alloy,  and  this  has  become  a  very  important 
industry.  The  ferro-chromium  alloy  is  used  in  the  manufacture  of 
chromium  steel,  which  finds  its  greatest  use  in  armor  plate  and  armor- 
plate-piercing  projectiles.  The  armor  plates  are  usually  made  by  the 
addition  of  the  alloys,  ferro-chromium  and  ferro-nickel,  to  the  molten 
steel  before  it  is  cast  into  the  ingot,  ^ and  they  produce  a  more  or  less 
homogeneous  triple  alloy.  Chromium  in  the  presence  of  carbon  makes 
steel  intensely  hard.  At  the  same  time  it  gives  it  a  high  power  of  re- 
sistance to  shock,  which  adapts  it  especially  to  use  for  armor  plate,  and 
also  to  any  severe  service,  and  to  resistance  to  abrasion,  as  in  trolley- 
car  wheels,  crusher  jaws,  stamp-mill  shoes,  etc.  A  chrome  steel  is  now 
being  made  for  use  in  the  manufacture  of  safes. 

In  the  manufacture  of  a  ferro-chromium  alloy  it  is  necessary  to  use 
a  high-grade  chromium  ore  low  in  silica,  which,  on  account  of  its  re- 
fractory character,  can  be  reduced  only  by  the  employment  of  electric 
heat. 

^letallic  chromium  is  now  being  used  for  the  same  purposes  as  the  ferro- 
chromium  alloy,  as  a  steel  hardening  metal. 

3.  Chromium  salts. — The  chief  use  of  chrome  ores,  notwithstanding 
the  two  uses  described  above,  is  still  for  the  production  of  the  salts, 
chromate  and  bichromate  of  potash,  which  are  used  particularly  in  dyeing 
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and  in  the  manufacture  of  coloring  material,  or  pigments.  The  availa- 
bility of  these  salts  as  pigments  was  discovered  about  1800,  and,  although 
at  that  time  the  discoverer  thought  that  they  might  have  valuable  applica- 
tion in  the  arts,  he  was  not  able  to  determine  this  definitely  on  account  of 
the  rarity  of  the  mineral  crocoite,  which  was  his  source  of  chromium. 
With  the  discovery  of  chromic  iron  ore  or  chromite,  however,  it  was 
soon  demonstrated  that  these  chromates  of  potash  were  very  important 
pigments.  They  have  become  practically  indispensable  in  the  manu- 
facture of  textiles  for  many  shades  of  ])uff,  red,  brown,  and  black. 
Artists  require  them  for  producing  the  purer  tints  of  red  and  yellow, 
which  are  used  in  coloring  and  tinting  pottery  and  various  other  kinds 
of  objects.  It  has  also  been  found  that  these  alkali  bichromates  can  be 
used  advantageously  in  tanning  skins.  Some  of  the  chromium  salts  are 
also  used  for  medicinal  purposes.  Their  greatest  use,  however,  is  still  as 
pigments. 

A8BE8T08. 

There  are  mined  and  put  on  the  market  as  asbestos  two  minerals  that 
are  very  similar  in  their  physical  properties  but  are  distinct  chemically. 
One,  a  variety  of  the  mineral  amphibole,  is  a  silicate  of  calcium  and  mag- 
nesium; the  other  is  a  variety  of  serpentine,  a  hydrous  magnesium 
silicate,  and  is  known  as  chrysotile.  These  two  varieties  of  asbestos  are 
equal  in  their  heat-resisting  properties,  but  the  chrysotile  is  superior  in 
strength  and  elasticity  of  fiber  to  any  variety  of  amphibole  asbestos. 
The  former  is  usually  greenish-white,  green  to  yellowish  in  color,  with  a 
decidedly  silky  luster,  while  the  other  is  from  white  to  greenish  and 
wood-brown  in  color  and  has  more  the  appearance  of  flax.  The  fibers  of 
the  chrysotile  asbestos  vary  from  1/16  to  3  inches  in  length,  while  fibers 
of  amphibole  asbestos  have  been  found  3  feet  in  length.  The  two  varieties 
can  readily  be  distinguished  from  each  other  by  testing  them  for  water, 
the  chrysotile  being  a  hydrous  mineral  and  giving  off  a  considerable 
amount  of  water  when  heated.  The  modes  of  occurrence  of  these  two 
varieties  are  distinct,  the  amphibole  variety  being  usually  in  granitic  or 
schistose  rocks,  sometimes  in  pockets  and  again  in  well  defined  veins, 
while  the  chrysotile  variety  is  found  in  seams  of  varvinff  thickness,  alwavs 
in  serpentine  rocks.  For  purposes  where  non-conductivity  of  heat  is  the 
important  factor  and  not  strength  of  fiber,  the  amphibole  variety  can 
be  used  and  gives  apparently  as  good  results  as  the  chrysotile.  On 
the  other  band,  where  strength  of  fiber  as  well  as  non-conductivity  of 
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heat  is  desired,  the  chrysotile  variety  is  used,  as  in  the  manufacture  of 
cloth,  roping,  felt,  boards,  tubes,  and  washers. 

CHEMICAL    AND    MINERALOGICAL    COMPOSITION    OF    ASBESTOS. 

AMPHIBOLE   ASBESTOS. 

• 

There  are  a  number  of  minerals  belonging  to  the  amphibole  group 
that  occasionally  assume  a  fibrous  structure  and  are  asbestiform  in  ap- 
pearance. Where  these  occur  in  quantity  they  can  undoubtedly  be 
utilized  as  commercial  asbestos,  but  they  cannot  be  used  for  the  same 
purposes  as  the  chrjsotile  variety. 

The  amphibole  that  most  commonly  assumes  a  fibrous  structure  is 
tremolite.  This  crystallizes  in  the  monoclinic  system  and  its  chemical 
composition  is  represented  by  the  formula  (MgCa)  SiOg,  a  magnesium, 
calcium  meta-silicate.  There  are  nearly  always  a  little  iron  and  alumina 
present,  together  with  some  moisture. 

Anthophyllite,  the  orthorhombic  amphibole,  has  been  found  with  a 
fibrous  structure  at  a  number  of  localities  and,  as  shown  by  Dr.  Greorge 
P.  Merrill,"  much  of  the  asbestos  that  is  called  the  amphibole  variety 
(tremolite)  is  in  reality  anthophyllite.  It  is  also  true  that  many  speci- 
mens that  have  at  first  been  considered  anthophyllite  have  proved 
upon  close  examination  to  be  one  of  the  monoclinic  amphiboles  and  in 
some  cases  to  be  an  enstatite.  The  chemical  composition  of  anthophyl- 
lite is  represented  by  the  formula  (MgFe)Si03,  that  is,  it  is  magnesium 
iron  meta-silicate.  There  are  nearly  always  from  a  trace  to  several  per 
cent  of  alumina  and  a  small  amount  of  moisture  found  in  anthophyllite. 
Many  mistakes  of  this  character  have  been  made  in  connection  with  the 
fibrous  minerals  occurring  with  the  basic  magnesian  rocks  that  extend 
from  Alabama  northeastwardly  to  the  Gaspe  Peninsula  in  Canada.  These, 
as  a  rule,  occur  in  very  small  quantity.  Occasionally  a  pyroxene  is 
observer]  that  has  an  asbestiform  structure,  this  being  more  noticeable  in 
the  enstatite  than  in  monoclinic  pyproxene. 

The  following  analyses  *  will  illustrate  the  chemical  composition  of  the 
tremolite  and  anthophyllite  varieties  of  asbestos,  and  shows  how  readily 
antliophyllite,  which  contains  but  a  very  small  amount  of  lime,  can  be 
distinguished  from  tremolite,  which  contains  over  10  per  cent. 

wproc.  U.  8.  Nat.  Museum,  Vol.  XVIIl.  pp.  281-292. 
»Proc.  U.  S.  Nat.  Museum,  Vol.  XVIII.  p.  291. 
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Analyses  of  (tshestos. 

T.  II.  III.  IV. 

Tremolite.  Tremollte.     ^'^^Jj^.'^y^     ^"^lite.*"^^" 

Silica,  SiO, 56.96  56.26  66.52  56.21 

Alumina,  AUO, 52  1.81                3.57  2.78 

Ferrous  Oxide,  FeO 1.12  6.40  10.18  ZM 

Lime,  CaO   ^ 13.84  11.98  Trace.  .82 

Magnesia,  MgO  23.90  20.85  27.13  28.95 

Manganese  Oxide,  MnO Trace.  Trace. 

Ignition,  H,0 2.37  2.65                2.96  2.23 

Total    98.71  99.95  100.26  99.31 

I.  From  Parkton,  Md.;  Geo.  P.  Merrill,  analyst. 
II.  From  Albemarle  County,  Va.;  R.  L.  Packard,  analyst. 

III.  From  Rabun  County,  Ga.;  Geo.  P.  Merrill,  analyst. 

IV.  From  Caldwell  County,  N.  C;  Geo.  P.  Merrill,  analyst. 

As  is  well  known,  pyroxene  suffers  alteration  very  readily,  passing 
over  into  some  one  of  the  amphiboles,  and  it  is  not  improbable  that 
considerable  asbestos  was  originally  a  pyroxene.  The  fibrous  struc- 
ture of  these  minerals  represents  a  crystalline  phenomenon,  and  the 
individual  fibers  may  be  either  distinct  crystals  more  or  less  perfectly 
developed  in  the  prismatic  zone,  or  they  may  be  due  to  abnormal  cleavage 
that  has  been  very  highly  and  perfectly  developed.  There  would  be  a 
tendency  to  distortion  in  the  fibers,  due  to  pressure  and  other  forces  to 
which  the  mineral  may  have  been  subjected.  In  some  instances  it  is 
undoubtedly  true  that  the  fibrous  structure  has  been  produced  by  a  pro- 
cess of  shearing  which  has  drawn  out  the  mineral  parallel  to  the  vertical 
axis,  and  in  recrvstallization  it  has  assumed  the  fibrous  structure. 

Dr.  Geo.  P.  ^Merrill"  sums  up  the  results  of  his  investigations  as 
follows : 

The  points  brought  out  in  this  paper  and  the  suggestions  advanced  are 

(1)  that  a  very  considerable  proportion  of  the  mineral  in  the  commercial  use. 
and  labelled  as  asbestos  in  mineral  cabinets,  is  in  reality  anthophyllite.  and 

(2)  that  the  fibrous  structure  in  this  case  and  that  of  the  true  asbestos  as 
well,  is  due,  in  many  Instances  at  least,  to  a  process  of  shearing — is,  in  fact, 
an  exaggerated  form  of  the  process  of  uralitization. 

That  a  great  deal  of  the  amphibole  asbestos  is  the  result  of  the  altera- 
tion of  a  pyroxene  is  undoubtedly  true,  but  it  is  also  true  that  some 
of  the  asboptos  represents  an  orifjinal  amphibole  mineral.  It  has  not  yet 
been  definitely  determined,  however,  whether  or  not  this  asbestos  repre- 
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sents  an  original  crystallization,  although  there  is  some  evidence  that  the 
asbestos  is  not  always  a  secondary  mineral.  Dr.  Merrill  believes  "that 
the  asbestos  form  is  never  a  result  of  original  crystallization,  but  is  always 
secondary,  the  original  mineral  doubtless  being  an  orthorhombic  or 
monoclinic  pyroxene,  or  perhaps  an  amphibole."  As  further  stated  by 
Dr.  Merrill,  there  is  an  ample  field  for  investigation  along  this  line, 
in  determining  the  original  character  of  the  different  varieties  of  amphi- 
bole  asbestos  and  also  their  present  mineralogical  character. 


CHBTSOTILE   ASBESTOS. 


This  variety  of  asbestos  is  entirely  distinct  from  the  amphibole  varieties. 
It  is  a  fibrous  serpentine,  whose  composition  is  represented  by  the 
formula  H4Mg3Si209,  a  hydrous  magnesium  silicate.  Chemically,  it  is 
readily  distinguished  from  the  amphibole  varieties  by  its  large  content 
of  water.  Physically,  it  is  more  silky  in  luster  and  its  fibers  are  stronger 
and  more  elastic.  In  the  table  below  are  given  analyses  of  chrysotile, 
anthophyllite,  and  tremolite  asbestos. 


Analyses  of  asbestos. 

I.  II.  III. 

rnnatttiTont  Chrysotile    Anthophyllite     Tremolite 

constituent.  Canada.  Virginia.  Georgia. 

SiO,    40.57  56.52  55.81 

AljO,    3.57  1.66 

FejOa    90  

FeO    2.81  10.08  6.81 

CaO    Trace.  12.74 

MgO     41.50  27.13  21.09 

XI3O    13.55  ....  .... 

Ignition    2.96  1.81 

Total    .' 99.33  100.26  99.92 

1.  J.  T.  Donald,  analyst. 

2.  R.  L.  Packard,  analyst. 

3.  Geo.  P.  Merrill,  analyst. 

The  fibers  of  this  asbestos  are  usually  perpendicular  or  at  high  angles 
to  the  walls,  but  very  rarely  they  have  been  observed  where  they  are 
parallel  to  them.  They  occur  in  serpentine,  near  the  source  of  some 
local  disturbances,  as  where  granitic  dikes  appear  in  the  serpentine  or 
near  the  contact  of  the  serpentine  with  the  main  mass  of  the  country 
rock. 

At  many  of  the  peridotite  localities  this  fibrous  variety  of  serpentine, 
chrysotile,  has  been  found.     Sometimes  it  occurs  but  very  sparingly  and 
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Analyses  of  Mhestos, 

I.  II.  III.  IV. 

Tremolite.  Tremollte.     ^"^{JJI^^^^^'    '^"^iltl'.^^^" 

Silica,  SiO, 56.96  56.26  56.52  56.21 

Alumina,  AlA 52  1.81  3.57  2.78 

Ferrous  Oxide,  FeO 1.12  6.40  10.18  ^M 

Lime,  CaO   13.84  11.98  Trace.  .82 

Magnesia,  MgO  23.90  20.85  27.13  28.95 

Manganese  Oxide,  MnO Trace.  ....  Trace. 

IgniUon,  H,0 2.37  2.65  2.96  2.23 

Total    98.71  99.95  100.26  99.31 

I.  From  Parkton,  Md.;  Geo.  P.  Merrill,  analyst. 
II.  From  Albemarle  County,  Va.;  R.  L.  Packard,  analyst. 

III.  From  Rabun  County,  Ga.;  Geo.  P.  Merrill,  analyst. 

IV.  From  Caldwell  County,  N.  C;  Geo.  P.  Merrill,  analyst. 

As  is  well  known,  pyroxene  suffers  alteration  very  readily,  passing 
over  into  some  one  of  the  amphiboles,  and  it  is  not  improbable  that 
considerable  asbestos  was  originally  a  pyroxene.  The  fibrous  struc- 
ture of  these  minerals  represents  a  crystalline  phenomenon,  and  the 
individual  fibers  may  be  either  distinct  crystals  more  or  less  perfectly 
developed  in  the  prismatic  zone,  or  they  may  be  due  to  abnormal  cleavage 
that  has  been  ver}'  highly  and  perfectly  developed.  There  would  be  a 
tendency  to  distortion  in  the  fibers,  due  to  pressure  and  other  forces  to 
which  the  mineral  may  have  been  subjected.  In  some  instances  it  is 
undoubtedly  true  that  the  fibrous  structure  has  been  produced  by  a  pro- 
cess of  shearing  which  has  drawn  out  the  mineral  parallel  to  the  vertical 
axis,  and  in  recrvstallization  it  has  assumed  the  fibrous  structure. 

Dr.  Geo.  P.  Merrill**  sums  up  the  results  of  his  investigations  as 
follows : 

The  points  brought  out  in  this  paper  and  the  suggestions  advanced  are 

(1)  that  a  very  considerable  proportion  of  the  mineral  in  the  commercial  use, 
and  labelled  as  asbestos  in  mineral  cabinets,  is  in  reality  anthophyllite,  and 

(2)  that  the  fibrous  structure  in  this  case  and  that  of  the  true  asbestos  as 
well,  is  due,  in  many  instances  at  least,  to  a  process  of  shearing — is,  in  fact, 
an  exaggerated  form  of  the  process  of  uralitization. 

Tliat  a  great  deal  of  the  amphibole  asbestos  is  the  result  of  the  altera- 
tion of  a  pyroxene  is  undoubtedly  true,  but  it  is  also  true  that  some 
of  the  asbcjitos  represents  an  original  amphibole  mineral.  Tt  has  not  yet 
been  definitely  determined,  however,  whether  or  not  this  asbestos  repre- 
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sents  an  original  crystallization,  although  there  is  some  evidence  that  the 
asbestos  is  not  always  a  secondary  mineral.  Dr.  Merrill  believes  "that 
the  asbestos  form  is  never  a  result  of  original  crystallization,  but  is  always 
secondary,  the  original  mineral  doubtless  being  an  orthorhombic  or 
monoclinic  pyroxene,  or  perhaps  an  amphibole.^'  As  further  stated  by 
Dr.  Merrill,  there  is  an  ample  field  for  investigation  along  this  line, 
in  determining  the  original  character  of  the  different  varieties  of  amphi- 
bole  asbestos  and  also  their  present  mineralogical  character. 


CHBTSOTILE  ASBESTOS. 


This  variety  of  asbestos  is  entirely  distinct  from  the  amphibole  varieties. 
It  is  a  fibrous  serpentine,  whose  composition  is  represented  by  the 
formula  H4Mg8Si209,  a  hydrous  magnesium  silicate.  Chemically,  it  is 
readily  distinguished  from  the  amphibole  varieties  by  its  large  content 
of  water.  Physically,  it  is  more  silky  in  luster  and  its  fibers  are  stronger 
and  more  elastic.  In  the  table  below  are  given  analyses  of  chrysotile, 
anthophyllite,  and  tremolite  asbestos. 


Analyses  of  asbestos. 

T.  II.  III. 

rr,n»fHiM»nf  Chrysotile    Anthophyllit«     Tremolite 

constituent.  Canada.  Virjfinla.  Georgia. 

SiO-    40.57  56.52  55.81 

AljO,    3.57  1.66 

FeO    2.81  10.08  6.81 

CaO    Trace.  12.74 

MgO     41.50  27.13  21.09 

xisO     13.55  ....  .... 

Ignition    2.96  1.81 

Total    .' 99.33  100.26  99.92 

1.  J.  T.  Donald,  analyst. 

2.  R.  L.  Packard,  analyst. 

3.  Geo.  P.  Merrill,  analyst. 

The  fibers  of  this  asbestos  are  usually  perpendicular  or  at  high  angles 
to  the  walls,  but  very  rarely  they  have  been  observed  where  they  are 
parallel  to  them.  They  occur  in  serpentine,  near  the  source  of  some 
local  disturbances,  as  where  granitic  dikes  appear  in  the  serpentine  or 
near  the  contact  of  the  serpentine  with  the  main  mass  of  the  country 
rock. 

At  many  of  the  peridotite  localities  this  fibrous  variety  of  serpentine, 
chrysotile,  has  been  found.     Sometimes  it  occurs  but  very  sparingly  and 
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even  where  the  peridotite  rocks  are  entirely  altered  to  serpentine  there 
is  often  little  or  none  of  the  chrysotile  variety  developed.  It  has  been 
observed  sparingly  in  small  seams  in  a  numlx^r  of  the  peridotite  rocks  that 
showed  but  slight  alteration  to  serpentine.  Not  all  of  the  peridotite  for- 
mations that  have  been  thoroughly  converted  into  serpentine  contain 
the  chrvsotile,  and  but  few  contain  a  sufficient  amount  to  make  them  of 
commercial  importance. 

DISTRIBUTION. 
NORTH    CABOLINA. 

There  arc  a  number  of  localities  in  North  Carolina  where  the  chrvsotile 

ft' 

variety  of  asbestos  has  been  found,  the  most  promising  of  which  are  in 
the  vicinity  of  Glennville  and  of  Sapphire,  Jackson  County;  near  the 
mouth  of  Squirrel  Creek  on  North  Toe  River,  along  the  western  slopes 
of  Rich  Mountain  in  Watauga  County;  on  Elk  Creek  in  Ashe  County; 
and  near  North  Wilkesboro,  Wilkes  County.  At  these  localities  fiber 
of  fair  length  and  fineness  has  been  found  which  warrant  further  investi- 
gation. 

The  deposit  near  North  Wilkesboro  is  within  throe  quarters  of  a  mile 
of  the  railroad  and  occurs  in  a  serpentine  formation  that  is  from  75  to 
about  200  feet  in  thickness  and  can  be  traced  in  a  general  N.  W.-S.  E. 
direction  for  nearly  600  yards.  The  deposit  has  been  worked  by  means  of 
an  open  cut  100  feet  long  which  was  made  on  the  land  of  Mr.  J.  B.  Church. 
The  cut  varies  in  depth  from  1  to  35  feet  and  near  the  surface  the  ser- 
pentine encountered  was  much  decomposed,  and  altered,  but  at  lower 
depths  a  compact,  dark-green  rock  was  found.  This  harder  rock  is  simi- 
lar to  a  bold  outcrop  of  the  serpentine  that  occurs  on  a  low  hill  about  300 
yards  a  little  east  of  south  of  this  cut  on  the  land  of  Mr.  G.  W.  Hinshaw 
of  Winston,  N.  C.  A  similar  outcrop  of  serpentine  was  observed  on  the 
summit  of  a  hill  200  yards  nearly  north  of  the  cut.  In  nearly  all  of 
this  serpentine  small  seams  of  chrysotile  asbestos  were  observed  that 
varied  in  thickness  from  a  quarter  of  an  inch  to  nearly  2  inches,  the 
thicker  ones  having  been  found  in  the  bottom  of  the  cut.  These  seams 
run  at  all  angles  through  the  rock,  and  as  the  unaltered  serpentine  was 
encountered,  the  quality  of  the  asbestos  became  better.  Sufficient  work 
has  not  been  done  to  demonstrate  the  value  of  this  property  as  a  source 
of  asbestos. 

Asbestos  is  found  sparingly  in  all  the  enstatite  rocks  of  this  north- 
eastern portion  of  the  belt,  but  it  is  not  probable  that  it  occurs  in  quantity 
in  these  rocks.  At  many  of  tlie  other  peridotite  outcrops  besides  those 
mentioned  above,  chrysotile  of  good  fiber  has  been  sparingly  found,  but 
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there  are  no  indications  that  it  occurs  in  quantity.  A  fibrous  enstatite 
and  anthopliyllite  that  closely  resembles  asbestos,  have  been  found  at  a 
number  of  the  corundum  mines.  It  is,  however,  only  the  chrysotile 
asbestos  found  in  these  peridotite  rocks  that  is  worthy  of  investigation. 

VERMONT. 

Tlie  Vermont  deposits  are  located  in  the  northern-central  part  of  the 
State,  in  the  town  of  Eden,  Lamoille  County,  and  in  the  adjacent  town  of 
Lowell,  Orleans  County.  The  serpentine  areas  or  belts  extend  for  great 
distances  to  the  north ;  but  the  existence  of  this  serpentine  is  not  indica- 
tive of  the  presence  of  asbestos;  and  up  to  the  present  time  no  definite 
discovery  has  ]>een  reported,  except  that  in  the  belt  on  Belvidere  Moun- 
tain, and  even  in  this  belt  the  asbestos  is  limited  to  a  small  area.  There 
are  two  distinct  varieties  of  asbestos  in  this  belt.  One  occurs  in  veins 
that  ramify  tlirough  the  serpentine  in  every  direction.  Its  fibers  are 
perpendicular  to  the  walls  of  the  seams,  and  have  a  maximum  length, 
as  thus  far  observed,  of  three- fourths  of  an  inch,  varying  from  this 
down  to  not  more  than  one-sixteenth  of  an  inch.  It  is  similar  in  all 
respects  to  the  Canadian  product,  and  is  just  as  good  in  quality.  The 
other  variety  occurs  upon  the  slickensided  surfaces  that  are  common 
in  serpentine,  and  the  fibers  form  layers  of  varying  thickness  against  these 
surfaces,  and  have  been  found  varying  in  length  from  a  fraction  of  an 
inch  up  to  3  or  4  inches.  These  seams  or  layers  of  fibers  are  seldom 
over  a  quarter  of  an  inch  thick.  The  fiber  is  usually  coarser  than  that 
found  in  the  veins,  and  will  not  furnish  so  good  a  grade  of  asbestos. 

ARIZONA. 

The  Arizona  chrysotile  asbestos  deposits  are  located  in  the  Grand 
Can  von  of  the  Colorado  Eiver  in  Coconino  Count  v,  on  the  north  side  of 
the  river,  about  70  miles  a  little  west  of  north  of  Flagstaff,  the  county 
seat.  The  deposits  are  near  the  bottom  of  the  Grand  Canyon,  about 
4,900  feet  l)elow  the  rim.  The  asbestos  occurs  in  the  serpentinized  por- 
tion of  a  dike  of  a  basaltic  rock.  This  dike  is  from  »30  to  70  feet  in  thick- 
ness and  along  its  contact  with  the  sedimentary  rocks  where  they  are 
above  or  below  or  are  included  within  it,  is  more  or  less  altered  to  ser- 
pentine. It  is  ])artly  in  contact  with  limestone,  conglomerate,  and  shales, 
and  the  greatest  amount  of  serpentinization  has  taken  place  where  this 
rock  is  in  contact  with  limestone. 

One  noticeable  exception  to  the  usual  occurrence  of  asbestos  is  the 
reffularitv  of  the  seams.     In  some  instances  thev  are  constant  for  a 
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distance  of  150  or  more  feet  and  then  again,  instead  of  a  tliick,  massive 
serpentine  containing  numerous  interrupted  seams  of  asbestos,  the  Grand 
Canyon  deposit  is  a  thin  body  of  serpentine  containing  but  two  or  three 
prominent  seams  of  asbestos  which  are,  however,  regular  and  nearly 
constant.  The  asbestos  is  of  very  good  quality  and  e(|ual  to  the  Cana- 
dian. 

CANADA. 

Nearly  all  the  asbestos  imi>orted  into  the  United  States  is  obtained 
from  Canada  and  is  of  the  chrysotile  variety.  These  deposits  are 
associated  with  the  basic  magnesian  rocks  described  in  Chapter  II  as 
extending  from  northern  Alabama  in  the  United  States  northeast  to  the 
6a8p6  Peninsula  in  Canada.  There  are  three  distinct  districts,  all  in  the 
Province  of  Quebec,  from  60  to  100  miles  south  and  southwest  of  Quebec. 
One  is  in  the  vicinity  of  Danville;  the  second  is  near  Colcraine,  Black 
Lake,  and  Thetford,  about  30  miles  northeast  of  the  first;  and  the  third 
is  near  Broughton,  about  15  miles  northeast  of  the  second.  All  these 
deposits  have  good  railroad  facilities,  those  near  Danville  being  on  the 
Grand  Trunk  Railroad  and  the  others  on  the  Quebec  Central.  There  is 
still  another  district,  in  the  vicinity  of  Ottaw^a,  where  asbestos  occurs  in 
limited  amount,  but  it  has  not  assumed  any  importance  as  a  producer  of 
asbestos. 

Intersecting  the  serpentine  with  which  the  asbestos  is  associated  are 
masses  and  dikes  of  a  granitic  rock,  and  there  is  undoubtedly  some  rela- 
tion existing  between  the  asbestos  and  these  dikes.  In  nearly  all  places 
where  asbestos  is  being  mined,  small  seams  or  dikes  of  the  granitic  rock 
were  observed  cutting  the  serpentine,  on  one  side  of  which  the  serpentine 
is  hard  and  compact  and  contains  very  few  and  small  seams  of  the 
asbestos,  while  on  the  opposite  side  the  serpentine  is  softer,  less  com- 
pacted, seamed,  and  in  some  cases  has  strong  indications  of  a  shearing 
movement.  It  is  in  this  character  of  rock  that  the  asbestos  seams  are  the 
largest  and  most  abundant.  These  seams  are  often  cut  oil  from  the 
denser  serpentine  by  a  very  sharp  and  distinct  plane  similar  to  a  fault. 
The  presence  of  these  dikes  of  granitic  rock  would  be  sufficient  to  account 
for  the  cracking  and  fracturing  of  the  original  peridot ite  rocks,  with, 
perhaps,  a  certain  amount  of  shearing  action.  In  the  subsequent  altera- 
tion of  these  rocks  into  serpentine,  the  librous  or  crystalline  serpentine 
would  be  formed  along  these  cracks  and  fractures  by  re-crystallization 
aided  by  aqueous  reactions.  Undoubtedly  some  chrysotile  asbestos  is 
formed  bv  a  shearinir  movement,  which  mav  be  the  case  where  the 
fibers  are  parallel  to  the  sides  of  the  seam.     In  most  cases,  however. 
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the  fibers  are  nearly  at  right  angles  to  the  sides,  so  that  the  mineral  was 
probably  formed  as  described  above. 

In  this  Canadian  district,  small  granitic  dikes  may  aid  the  prospector 
in  following  the  asbestos,  and  where  they  outcrop  on  the  surface  they 
should  be  of  great  assistance  in  locating  favorable  places. 

The  seams  of  asbestos  vary  from  one-sixteenth  of  an  inch  to  rarely 
3  inches  in  thickness.  The  fiber,  which  varies  from  one-half  to  3  inches 
in  length  is  put  on  the  market  as  crude  asbestos  and  is  the  profitable 
product  of  the  mines.  The  percentage  of  this  quality  of  asbestos  in  the 
rocks  is  variable,  and  from  30  to  even  90  tons  of  rock  have  to  be  mined 
to  yield  one  ton  of  crude  asbestos.  Besides  this,  there  is  more  or  less 
very  short  fiber  that  is  milled  and  sold  as  mill  fiber  or  paper  stock. 
As  such  a  very  large  percentage  of  waste  rock  has  to  be  removed,  it  is  neces- 
sary to  economize  in  every  way  possible  in  the  handling  of  this  rock. 

This  asbestos  is  generally  mined  by  open  cuts  or  pits  similar  to  those 
made  in  rock  quarrying,  the  rock  being  worked  out  by  benches  as  far  as 
practicable.  Drilling  is  done  by  steam  or  compressed  air  except  in  the 
smaller  places,  where  hand  drills  are  employed.  Holes  are  drilled  from 
8  to  12  feet,  and  in  blasting  it  is  intended  to  thoroughly  loosen  and 
shatter  the  rock.  After  the  blasting  it  is  pried  out  with  crowbars  and  the 
pieces  containing  asbestos  are  broken  by  means  of  heavy  sledges  and 
steel  wedges  to  such  sizes  that  the  asbestos  can  be  readily  broken  out 
with  small  hammers.  In  the  smaller  mines  the  waste  rock  and  asbestos 
are  removed  by  means  of  a  derrick,  but  in  the  larger  ones  cables  are 
used.  The  asbestos  is  then  transferred  to  a  drying  room,  and  when 
dry,  is  hammered  in  order  to  separate  as  completely  as  possible  all 
attached  rock  and  also  to  separate  the  fibers.  This  material  is  divided 
into  three  grades,  according  to  quality,  which  are  known  as  No.  1,  Crude ; 
No.  2,  Crude  (white) ;  and  No.  3,  Crude  (red).  It  is  shipped  in  bags 
of  100  pounds  each.  The  remainder  of  the  asbestos  rock,  which  contains 
fibers  from  a  minute  fraction  of  an  inch  to  about  one-half  inch  in 
length,  is  treated  in  the  mills  and  made  into  mill  fil)er  or  paper  stock. 
This  material  is  dried,  crushed  to  the  right  degree  of  fineness,  and  then 
passes  into  the  "  cyclones  ^'  which  effect  a  nearly  complete  separation  of 
the  fibers  from  the  rock.  The  fiber  is  thrown  on  the  separating  sieves, 
from  whicli  it  is  drawn  away  by  exhausts.  The  rock  which  during  this 
process  has  been  reduced  to  a  sand,  is  ejected  into  bins.  This  still  car- 
ries some  asbestos  and  is  now  beginning  to  be  used,  being  placed  on  the 
market  as  as])estic.  The  ]^rices  of  these  various  grades  of  asbestos  are 
about  as  follows: 
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No.  1,  Crude  asbestos    |150  to  |250  per  ton. 

No.  2,  Crude  (white)  asbestos  75  to    125  per  ton. 

No.  3,  Crude   (red)   asbestos   50  to      75  per  ton. 

Mill  fiber  or  paper  stock  20  to      40  per  ton. 

Asbestic    1  to        3  per  ton. 

QENTHITE    (NICKEL    ORE). 

Analyses  have  shown  the  presence  of  nickel  in  many  of  the  peridotites, 
and  its  presence  is  very  apparent,  for  as  these  peridotites  begin  to  decom- 
pose under  the  influence  of  atmospheric  and  other  agencies,  green  nickel 
silicates  are  developed  along  the  joints  and  fissures  of  the  rock.  These 
silicates  are  principally  genthite  and  garnierite  (see  page  3*37). 

At  nearly  all  of  the  peridotite  formations  examined,  nickel  silicate  has 
l)een  observed,  occuring  in  some  simply  as  a  stain  on  the  rock,  while  at 
others  it  has  been  found  in  seams  nearlv  half  an  inch  thick.  On  account 
of  their  intense  color,  these  seams  are  very  conspicuous  and  often  give  to 
the  rocks  the  appearance  of  containing  a  large  quantity  of  the  nickel 
minerals.  They  have  attracted  much  attention,  and  at  a  numl)er  of 
places  some  prospecting  has  been  done,  as  at  Webster,  Jackson  County, 
where  ])ro8pecting  operations  have  been  carried  on  to  a  considerable 
extent.  Thus  far,  however,  nothing  that  gives  promise  of  importance  as 
an  ore  of  nickel  has  been  discovered  in  Xorth  Carolina. 

The  localities  where  genthite  has  been  observed  in  greatest  quantity 
are  just  south  of  Democrat,  and  near  Alexander,  Buncombe  County;  at 
Webster,  and  near  Balsam,  Jackson  County;  and  near  Elf,  Cherokee 
Countv. 

Future  developments  may  show  that  at  some  of  these  localities  nickel 
occurs  in  sufficient  quantity  to  make  mining  profitable,  but  although  it 
has  been  shown  to  be  widely  distributed  throughout  the  peridotite  belt,  no 
place  has  as  yet  been  found  where  it  was  sufficiently  concentrated  to  be 
classed  as  nickel  ore. 

SERPENTINE. 

It  has  been  stated  under  the  head  of  "Alteration  of  the  ])eridotites,'^ 
page  lis,  that  while  it  is  rare  in  Xorth  Carolina  and  Georgia  to  find 
masses  of  this  rock  entirely  altered  to  serpentine,  yet  there  are  a  few 
that  are  thus  chan.^cfl.  These  dej)0sits  are  massive,  of  a  light  to  dark 
green  color,  and  are  in  nearly  every  ])articular  identical  with  those  of 
Maryland,  Delaware,  and  Pennsylvania,  in  the  more  northern  portion 
of  the  peridotite  belt.  As  far  as  can  be  judged  without  further  develop- 
ment of  the  deposits,  the  serpentine  is  as  well  adapted  to  architectural 
purposes  as  that  of  the  northern  States.     In  these  States  it  is  (juarried 
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extensively  for  exterior  as  well  as  interior  work,  and  a  number  of  build- 
ings in  Philadelphia,  Baltimore,  and  Wilmington  are  either  wholly 
built  or  faced  with  serpentine. 

The  stone  is  soft  and  works  easily,  but  at  the  same  time  is  tough  and 
wears  well.  It  takes  a  fine  polish,  and  the  dark  green  and  mottled 
varieties  give  a  very  rich  effect,  while  the  light  colors,  though  somewhat 
peculiar,  are  not  unpleasing.  AVhile  it  has  been  used  as  an  exterior  build- 
ing stone,  it  is  better  suited  and  much  more  effectual  as  an  ornamental 
stone,  especially  for  interior  decoration. 

There  are  a  number  of  outcrops  of  serpentine  in  Buncombe  County, 
between  Weaverville  and  I^eicester,  in  a  strip  that  crosses  the  French 
Broad  River  a  mile  above  Alexander.  The  most  favorablv  situated  de- 
posits  are  on  lands  belonging  to  Mr.  W.  L.  Foster,  2^  miles  from  Olivette, 
a  station  on  the  Southern  Railroad ;  and  to  Mr.  W.  E.  Pounder,  a  short 
distance  further  southwest.  The  serpentine  here  is  of  first-class  quality 
and  should  be  of  value  for  Imth  exterior  and  interior  work,  and  its 
nearness  to  the  railroad  affording  good  shi])ping  facilities,  makes  this  a 
most  promising  deposit  for  quarrying.  Other  deposits  which  are  as  large 
and  of  about  the  same  quality  are  on  Paint  Fork  of  Ivy  River,  Madison 
County,  and  on  Bald  Creek,  Yancey  County ;  but  these  are  at  the  present 
time  too  far  from  railroad  transportation. 

In  Caldwell  County,  a  compact  serpentine  of  a  dark  rich  green  to  almost 
black  color  has  been  obtained  from  near  Patterson.  The  stone  takes  a 
good  polish. 

About  14  miles  northwest  of  Raleigh,  Wake  County,  on  Barton  Creek, 
massive  serpentine  of  a  pale  green  color  occurs  in  a  dike,  averaging  about 
300  feet  wide,  which  can  be  traced  for  nearlv  two  miles,  bv  nearly  continu- 
ous  outcrops.  The  most  favorable  exposures  for  quarrying  are  on  farms 
belonginir  to  Dr.  A.  J.  J.  Penny,  Mr.  Jesse  Adams,  and  Mr.  .Joseph  Tad- 
lock.  The  stone  is  somewhat  mottled  with  yellowish  seams,  but  takes  a 
good  polish. 

Another  deposit  that  is  worthy  of  investigation  is  the  one  in  which 
asbestos  (ucnrs,  near  North  Wilkesboro,  Wilkes  County  (see  p.  58).  At 
the  bottom  of  the  out  made  in  prospecting  for  asbestos,  the  serpentine  ob- 
tained was  of  good  color,  hard  and  compact,  and  took  a  good  polish. 
It  is  within  three-fourths  of  a  mile  from  the  Southern  Railwav,  and 
waterpower  is  available  for  sawing  the  stone. 

Thus  far,  no  attem])t  has  been  made  to  utilize  the  North  Carolina 
serpentine;  but  there  seems  to  be  no  reason  why  the  Buncombe  County 
and  Wilkes  County  deposits  should  not  be  worked  with  success.  One  of 
the  Georgia  deposits,  at  Holly  Springs,  Cherokee  County,  has  been  worked, 
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and  the  beautiful  decorative  effect  of  the  stone  can  be  seen  in  the  new 
Prudential  building  at  Atlanta^  Ga.  When  once  this  stone  has  begun  to 
be  used  in  this  State,  there  is  little  doubt  that  the  demand  for  it  will 
be  rapidly  increased. 

LIMONITE. 

In  the  alteration  and  decomposition  of  the  peridotites,  limonite  is 
one  of  the  resultant  products  and,  in  some  cases,  though  but  rarely,  it 
has  assumed  the  proportion  of  an  ore  deposit.  Where  this  is  the  case, 
it  has  been  observed  that  it  is  associated  with  the  serpentine  in  those  for- 
mations where  the  original  basic  magnesian  rocks  have  been  completely 
changed  to  serpentine.  Cellular  quartz  often  accompanies  the  limonite 
and  is  nearly  always  ferruginous  and  at  times  resembles  in  appearance 
gossan  to  such  an  extent  that  many  prospecting  pits  and  trencbeB  have 
been  dug  in  exploiting  these  localities  for  copper.  On  Staten  Island, 
Xew  York,  a  bed  of  limonite  which  attained  a  thickness  of  12  feet  was 
found  resting  upon  serpentine  rocks.  This  deposit  has  been  mined  to 
some  extent  as  an  iron  ore.  In  Middletown  Township,  Delaware  County, 
Pennsylvania,  limonite  has  been  mined  at  several  localities,  but,  as  far 
as  can  be  ascertained,  it  was  not  commercially  successful. 

Thus  far  in  North  Carolina  ho  deposits  have  been  discovered  that 
have  seemed  to  be  of  value  as  an  ore  of  iron. 
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PLATE  XXXV. 

FiGiRE  1.  Dunite  from  Shooting  Creek,  Clay  County,  N.  C.  A  photo- 
micrograph in  ordinary  light,  magnified  18  diameters.  Shows  typical  arrange- 
ment of  skeleton  magnetite  with  chlorite,  surrounded  by  a  corona  of  the 
latter.  The  rock  is  nearly  fresh,  showing  some  alteration  to  chlorite,  but 
no  serpentinization.     Thin  section  No.  C22. 

Fkurk  2.  Dunite.  same  specimen  as  Fig.  1.  A  photomicrograph  in  polar- 
ized light  with  crossed  nicols,  magnified  12  diameters.  The  three-ply  vein 
consists  of  a  felted  aggregate  of  scaly  chlorite  in  the  middle,  with  somewhat 
fibrous  magnesite  and  occasional  chlorite  laths  on  either  side,  separating  it 
from  the  olivine  of  the  rock.     Thin  section  No.  C22. 

Fkukk  3.  Dunite,  one-half  mile  south  of  Shooting  Creek  post-office.  Clay 
County,  N.  C.  A  photomicrograph  in  ordinary  light,  magnified  18  diameters. 
Shows  an  advanced  stage  of  alteration  to  chlorite,  which  penetrates  the 
olivine  along  the  cracks,  particularly  those  due  to  cleavage.  Much  of  the 
resulting  chlorite  is  lath-shaped.     Thin  section  No.  C35. 

FioiRE  4.  Dunite  from  Buck  Creek,  Clay  County,  N.  C.  A  photomicro- 
graph in  ordinary  light,  magnified  18  diameters.  Shows  serpentinization 
proceeding  along  the  basal  cleavage  cracks  of  the  olivine  (right  to  left  in  the 
central  grain),  although  the  pinacoidal  cleavage  is  much  more  highly  de- 
veloped. The  rock  is  perfectly  fresh,  with  the  exception  of  a  small  amount 
of  yellowish  green  serpentine,  a  little  chlorite,  and  accompanying  secondary 
magnetite  granules.     Thin  section  No.  B8. 

Fkji'kk  5.  Dunite  from  Buck  Creek,  Clay  County,  N.  C.  A  photomicro- 
graph in  ordinary  light,  magnified  16  diameters.  An  advanced  stage  of 
alteration  to  serpentine,  which  is  chiefly  of  a  fibrous  structure  and  set  at  right 
angles  or  in  radial  bundles  upon  the  surfaces  of  the  olivine.  Boundaries  of 
the  original  olivine  grains  are  outlined  by  magnetite  granules  in  the  serpen- 
tine, and  olivine  fragments  within  these  areas  extinguish  together  between 
crossed  nicols.  A  magnet ite-chlorite  aggregate  appears  at  the  lower  right 
hand  side  of  the  field.     Thin  section  No.  B74. 

Fkjiuk  C.  Dunite  from  Buck  Creek,  Clay  County.  N.  C.  A  photomicro- 
graph in  ordinary  light,  magnified  16  diameters.  Almost  complete  serpen- 
tinization; only  a  few  central  remnants  of  olivine  remain,  while  heavy 
magnetite  aggregates  mark  the  boundaries  and  some  of  the  cracks  of  the 
original  grains.  Chlorite-magnetite  aggregates  appear  at  the  left  and  near 
the  bottom.     Thin  section  No.  B47. 


.  c.  ceouwicAL  s 


424  DESCRIPTION    OF   PLATI-IS. 


PLATE  XXXVI. 

Figure  1.  Dunite  from  Buck  Creek,  Clay  County,  N.  C.  A  photomicro- 
graph in  ordinary  light,  magnified  12  diameters.  Sheared  and  partially 
altered  to  green  serpentine,  especially  along  the  parallel  shear  planes.  The 
magnetite  grains  are  accompanied  by  a  little  chlorite.    Thin  section  No.  B92. 

Figure  2.  Serpentine  after  dunite  from  Buck  Creek,  Clay  County,  N.  C. 
A  photomicrograph  in  ordinary  light,  magnified  12  diameters.  Shows  char- 
acteristic grouping  of  magnetite  masses  in  clusters  of  chlorite.  Cracks  and 
original  borders  of  olivine  grains  shown  by  thin  lines  of  oxide  granules. 
Thin  section  No.  B48. 

Figure  3.  Magnetite  skeleton  aggregates  and  olivine  remnants  from  radial 
talcose  sheaths  formed  along  the  joint  planes  of  the  dunite  at  Buck  Creek, 
Clay  County,  N.  C.  A  photomicrograph  in  ordinary  light,  magnified  30  diam- 
eters. The  lighter  portions  oi  the  field  are  occupied  by  felted  scaly  talc,  with 
occasional  chlorite  laths.  A  few  small  olivine  remnants  appear  in  high  relief. 
Thin  section  No.  B13. 

Figure  4.  Dunite  from  Buck  Creek,  Clay  County,  N.  C.  A  photomicro- 
graph in  ordinary  light,  magnified  16  diameters.  A  section  from  near  the 
contact  with  troctolite,  showing  the  yellowish  brown,  translucent  chromite 
with  irregular  opaque  borders  due  to  loss  of  alumina  in  the  formation  of  the 
surrounding  chlorite.  The  olivine  is  slightly  altered  to  yellow  serpentine. 
Thin  section  No.  B23. 

Figure  5.  Amphibole-perldotite  from  Buck  Creek,  Clay  County,  N.  C.  A 
photomicrograph  in  ordinary  light,  magnified  16  diameters.  Shows  alteration 
of  olivine  to  chlorite,  which  penetrates  the  grains,  with  more  or  less  magne- 
tite, chiefly  along  the  cleavage.     Thin  section  No.  B72. 

Figure  6.  Amphibole-peridotite  from  Buck  Creek,  Clay  County,  N.  C.  A 
photomicrograph  in  ordinary  light,  magnified  16  diameters.  A  chromite  grain 
occupies  the  center  of  the  field,  surrounded  by  a  large  cluster  of  chlorite. 
Remnants  of  amphibole  to  the  right  of  this  are  altering  to  chlorite.  The 
olivine  has  altered  slightly  along  the  borders  to  dark  yellow  serpentine,  full 
of  oxide  granules.     Thin  section  No.  B6. 
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PLATE  XXXVII. 

FiorRE  1.  Amphitole-peridotite  from  Buck  Creek,  Clay  County,  N.  C.  A 
photomicrograph  in  polarized  light  with  crossed  nicols,  magnified  16  diam- 
eters. Shows  twinning  lamellae  in  a  large  olivine  grain,  which  is  beginning 
to  alter  to  yellowish  serpentine  in  the  cracks.     Thin  section  No.  B66. 

FioiTRE  2.  Troctolite  from  Buck  Creek,  Clay  County,  N.  C.  A  photomicro- 
graph in  ordinary  light,  magnified  110  diameters.  Shows  a  grain  of  spinel 
with  yellowish  brown  picotite  center  which  gradually  passes  into  light  green 
pleonaste  toward  the  circumference.     Thin  section  No.  B25. 

Figure  3.  Amphibole-peridotite  from  Buck  Creek,  Clay  County,  N.  C.  A 
photomicrograph  in  ordinary  light,  magnified  18  diameters.  Shows  incipient 
alteration  of  the  amphitoles,  which  are  crowded  with  black  elongated 
granules  of  magnetite  arranged  parallel  to  the  vertical  axis.  The  olivine 
grains  are  irregularly  cracked  and  are  altering  to  yellowish  serpentine  and 
black  oxide  grains;  with  occasional  laths  of  chlorite.     Thin  section  No.  B50. 

Fku're  4.  Amphibole-peridotite,  same  as  Fig.  3.  A  photomicrograph  in 
ordinary  light,  magnified  110  diameters.  Shows  one  of  the  amphiboles  with 
the  black  inclusions  more  highly  magnified.     Thin  section  No.  B50. 

Figure  5.  Troctolite  from  Buck  Creek,  Clay  County,  N.  C.  A  photomicro- 
graph in  ordinary  light,  magnified  14  diameters.  Shows  the  development  of 
chlorite  in  long  curved  laths  in  the  large  anorthite  that  occupies  the  middle 
of  the  field.  The  fibrous  felted  masses  on  either  side  of  the  anorthite  are 
composed  of  actinolitic  amphibole.     Thin  section  No.  B41. 

FiGi  RE  6.  Troctolite  from  Buck  Creok.  Clay  County,  N.  C.  A  photomicro- 
graph in  polarized  light  with  crossed  nicols,  magnified  14  diameters.  Another 
mode  of  alteration  of  anorthite  to  chlorite,  which  in  this  case  forms  felted 
scaly  aggregates  that  encroach  somewhat  uniformly  upon  the  feldspar.  Thin 
section  No.  B41. 
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PLATE  XXXVIII. 

Figure  1.  Dunite-troctolite  contact  from  Buck  Creek,  Clay  County,  N.  C.  A 
photomicrograph  in  ordinary  light,  magnified  14  diameters.  Granular  olivine 
of  dunite  occupies  the  left  side  of  the  field,  showing  only  slight  alteration  to 
yellowish  serpentine.  On  the  right,  the  troctolite  is  represented  chiefly  by 
corrosion  mantles  of  secondary  minerals;  olivine,  similar  to  that  of  the  dunite, 
is  interspersed  with  these  beyond  the  limits  of  the  field.  Thin  section  No.  B24. 

Figure  2.  Troctolite  from  Buck  Creek,  Clay  County,  N.  C.  A  photomicro- 
graph in  ordinary  light,  magnified  14  diameters.  Shows  corrosion  mantle 
between  the  olivine  below  and  the  anorthite  above,  partially  enclosing  an 
octahedron  of  yellowish-brown  translucent  chromite.  The  enstatite  next  the 
olivine  and  the  diopside,  forming  a  thinner  middle  layer,  are  so  much  alike 
as  to  be  almost  indistinguishable  in  ordinary  light.  The  fibrous  actinolite, 
intergrown  with  vermiculate  pleonaste,  forms  a  much  thicker  and  darker 
layer  next  the  feldspar.    Thin  section  No.  B56. 

Figure  3.  Troctolite,  same  as  Fig.  2.  A  photomicrograph  in  ordinary 
light,  magnified  14  diameters.  Shows  portion  of  a  similar  corrosion  mantle 
much  more  highly  developed.  Olivine  appears  below,  then  follow  the  ensta- 
tite, arranged  at  right  angles  to  the  olivine  surface,  a  thin  layer  of  granular 
diopside,  and  a  thick  layer  of  fibrous  actinolite  intergrown  with  pleonaste, 
with  anorthite  above.    Thin  section  No.  B57. 

Figure  4.  Troctolite,  Buck  Creek,  Clay  County,  N.  C.  A  photomicrograph 
in  ordinary  light,  magnified  12  diameters.  Shows  the  preponderant  anorthite 
and  the  consequent  entire  replacement  of  portions  of  the  olivine  by  corrosion 
products.  The  lighter  colored  areas  are  anorthite.  The  brownish  yellow 
picotite  (or  chromite)  grains  appear  black  in  the  photograph.  Thin  section 
No.  B34. 

Figure  5.  Troctolite  from  Buck  Creek,  Clay  County,  N.  C.  A  photomicro- 
graph in  ordinary  light,  magnified  18  diameters.  Shows  preponderant  olivine 
and  the  entire  replacement  of  anorthite  grains  by  clusters  of  corrosion 
minerals.  The  light  irregularly  cracked  portions  about  the  circumference  of 
the  field  are  olivine.     Thin  section  No.  B58. 

Figure  6.  Troctolite  from  Buck  Creek,  Clay  County,  N.  C.  A  photomicro- 
graph in  ordinary  light,  magnified  11  diameters.  In  the  middle  of  the  field  a 
part  of  the  actinolite  next  the  anorthite  is  altering  into  chlorite.  The  vacant 
spaces  above  were  occupied  by  olivine,  which  crumbled  away  in  the  prepara- 
tion of  the  section.  Just  below  the  middle  of  the  field,  chlorite  is  also  de- 
veloping in  the  anorthite,  at  right  angles  to  the  cleavage.  Thin  section 
No.  B38. 
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PLATE  XXXIX. 

Figure  1.  Olivine-gabbro  facies  of  troctolite  from  Buck  Creek,  Clay  County, 
N.  C.  A  photomicrograph  in  ordinary  light,  magnified  11  diameters.  In  the 
center  of  the  field  anorthite  grains  are  poikilitically  inclosed  in  a  large 
irregular  augite.  The  latter  is  altered,  with  the  exception  of  small  iregular 
patches,  into  uralitic  amphibole,  with  the  formation  of  small  greenish  yellow 
rods  and  plates  parallel  to  c.  The  corrosion  products  in  the  lower  right  and 
left  sides  of  the  field  are  chiefly  fibrous  and  scaly  amphibole  intimately  inter- 
mingled with  irregular  masses  of  pleonaste.    Thin  section  No.  B40. 

Figure  2.  Feldspathic  or  dioritlc  amphibolite  from  Buck  Creek,  Clay 
County,  N.  C.  A  photomicrograph  in  polarized  light  between  crossed  nicols, 
magnified  16  diameters.  Shows  the  typical  large  feldspars  and  finely  felted 
actinolitic  amphibole.  Much  of  the  amphibole  has  been  turned  only  slightly 
out  of  orientation  by  shearing,  as  shown  by  large  basal  and  prismatic  sections 
easily  recognized  in  ordinary  light.    Thin  section  No.  B52. 

Figure  3.  Amphibolite  from  Buck  Creek,  Clay  County,  N.  C.  A  photo- 
micrograph in  ordinary  light,  magnified  18  diameters.  There  is  no  feldspar. 
Much  of  the  amphibole  is  thickly  clouded  by  drop-like,  rod-like,  oval  and 
rounded  vermiculate  inclusions  of  green  spinel  (pleonaste),  in  the  central 
portions,  while  the  borders  remain  free  from  inclusions.  Two  or  three  black- 
looking  grains  in  the  field  are  yellowish  brown  picotite  passing  gradually  into 
green  spinel  on  the  borders.    Thin  section  No.  B36. 

Figure  4.  Amphibolite,  Buck  Creek,  Clay  County,  N.  C.  A  photomicro- 
graph in  ordinary  light,  magnified  84  diameters.  A  large  basal  section  of 
augite  altering  into  amphibole  occupies  most  of  the  field.  An  irregular  oval 
remnant  of  augite  occupies  the  central  portion,  and  shows  characteristic 
cleavage.  Feldspars  appear  at  the  lower  side  of  the  field.  Thin  section 
No.  B70. 

Figure  5.  Amphibolite  from  Buck  Creek,  Clay  County,  N.  C.  A  photo- 
micrograph in  ordinary  light,  magnified  14  diameters.  Four  masses  of  corun* 
dum  lie  across  the  middle  of  the  field.  The  three  largest  are  pleochroic,  light 
greenish  yellow  and  purple,  and  are  filled  with  grains  and  irregular  masses 
of  yellowish-brown  picotite.  Corundum  above  the  largest  of  these  grains,  to 
the  left,  is  without  inclusions  and  lighter  in  color.  Light  green  amphibole 
surrounds  the  corundum  grains,  except  below  the  right  hand  grain  and  at  the 
top  of  the  field,  where  the  amphibole  contains  picotite  inclusions  and  is  darker 
colored  and  pleochroic,  sky-blue  and  yellowish  green.  Lighter  areas  above 
and  below  are  feldspars.     Thin  section  No.  B2. 

Figure  6.  Amphibolite,  same  as  Fig.  5.  A  photomicrograph  in  ordinary 
light,  magnified  14  diameters.  Shows  one  large  grain  of  corundum  filled 
with  dark  picotite  inclusions,  and  a  larger  mass  to  the  left  of  it  free  from 
inclusions.  The  latter  shows  rhombohedral  parting  and  lighter  colors.  Light 
green  amphiboles  and  colorless  feldspars  occupy  the  rest  of  the  field.  Thin 
section  No.  B2. 
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PLATE  XL. 

Figure  1.  Dunite  from  Corundum  Hill,  Macon  County,  N.  C.  A  photo- 
micrograph in  ordinary  light,  magnified  12  diameters.  Section  from  a  fine 
grained  sheared  rock,  showing  a  large  remnant  of  olivine  with  well  developed 
cleavage  in  the  lower  part  of  the  field.  The  upper  half  represents  the  granular 
condition  of  most  of  the  section,  the  parallel  arrangement  of  the  granules  and 
the  development  of  serpentine  heing  in  diagonal  planes  rising  from  left  to 
right.     Thin  section  No.  CHS. 

Figure  2.  Dunite  from  Corundum  Hill,  Macon  County,  N.  C.  A  photo- 
micrograph in  ordinary  light,  magnified  16  diameters.  Slender  anthophylllte 
needles  penetrate  the  rock  in  every  direction.  A  section  of  an  octahedral 
crystal  of  chromite  appears  at  the  bottom  of  the  field.  (Compare  PI.  XLII, 
fig.  6).     Thin  section  No.  CH2. 

Figure  3.  Dunite  from  Corundum  Hill,  Macon  County,  N.  C.  A  photo- 
micrograph in  ordinary  light,  magnified  18  diameters.  Illustrates  the  struc- 
ture of  the  laminated  dunite;  layers  of  fresh,  granular  olivine  alternating  with 
finer  grained  sheared  portions.  In  this  case  the  sheared  layers  are  also 
considerably  altered  into  serpentine.  (Compare  PI.  XLI,  fig.  5).  Thin  section 
No.  CH3. 

Figure  4.  Dunite,  same  as  Fig.  3.  A  photomicrograph  in  ordinary  light, 
magnified  40  diameters.  Shows  serpentinization  of  the  shearing  planes,  one 
of  which  occupies  the  right  half  of  the  field,  and  the  larger  proportion  of  fresh 
olivine  in  the  less  disturbed  layers.  A  fiake  of  chlorite  appears  toward  the 
left  side.     Thin  section  No.  CHS. 

Figure  5.  Hornblende-granite  from  Corundum  Hill,  Macon  County,  N.  C. 
A  photomicrograph  in  polarized  light  between  crossed  nicols,  magnified  18 
diameters.  Shows  a  large  orthoclase  in  the  center  of  the  field,  intergrown  on 
the  borders  with  finer  grained  minerals  of  later  crystallization.  Thin  section 
No.  CHS. 

Figure  6.  Hornblende-granite,  same  as  Fig.  5.  A  photomicrograph  in 
ordinary  light,  magnified  18  diameters.  Shows  hornblende  crystals  poikiliti- 
cally  enclosing  numerous  grains  of  other  minerals.     Thin  section  No.  CH8. 
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PLATE  XLI. 

FiouBE  1.  Dunite  from  the  Railroad  cut  2  miles  west  of  Balsam  Gap, 
Jackson  County,  N.  C.  A  photomicrograph  in  ordinary  light,  magnified  12 
diameters.  A  typical  granular  dunite,  showing  only  the  slightest  trace  of 
alteration  to  serpentine.    Thin  section  No.  Wll. 

Figure  2.  Dunite  from  Webster,  Jackson  County,  N.  C.  A  photomicro- 
graph in  ordinary  light,  showing  the  beginning  of  serpent  in  ization  along  the 
borders  of  the  olivine  grains. 

Figure  3.  Dunite,  Webster,  N.  C.  A  photomicrograph  in  ordinary  light, 
magnified  18  diameters.  Shows  an  advanced  stage  in  the  alteration  of  the 
olivine  to  serpentine.  Some  of  the  olivine  grains  are  darkened  on  the  borders 
by  the  segregated  iron  oxides.     Thin  section  No.  Wl. 

Figure  4.  Dunite,  Webster,  N.  C.  A  photomicrograph  in  ordinary  light, 
magnified  18  diameters.  Similar  to  Fig.  3,  except  in  the  larger  amounts  of 
the  iron  oxides  segregated  along  the  borders  of  the  olivine  remnants.  Thin 
section  No.  W9. 

Figure  5.  Dunite  from  Cane  Creek,  5  miles  northeast  of  Webster,  N.  C.  A 
photomicrograph  in  ordinary  light,  magnified  14  diameters.  Shows  the  typical 
structure  of  laminated  dunite,  with  alternating  layers  of  sheared  and  un- 
sheared  granular  olivine.  Only  a  trace  of  serpentinization.  (Compare  PI.  XL, 
figs.  3  and  4).     Thin  section  No.  W23. 

Figure  6.  Dunite  from  5  miles  northeast  of  Webster,  N.  C,  on  the  road 
from  Webster  to  Hall.  A  photomicrograph  in  ordinary  light,  magnified  18 
diameters.  Shows  dunite  altered  to  chlorite  in  radiating  tufts,  with  granules 
and  irregular  aggregates  of  magnetite.  Small  unaltered  remnants  of  olivine 
are  scattered  throughout  the  field.     Thin  section  No.  W5a. 
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PLATE  XL.II. 

Figure  1.  Dunite  from  Webster,  N.  C.  A  photomicrograph  in  ordinary 
light,  magnified  18  diameters.  Shows  large  grains  of  chromite  surrounded  by 
coronas  of  chlorite.  The  olivine  is  beginning  to  alter  along  the  borders  to 
yellow  serpentine.    Thin  section  No.  W4. 

Figure  2.  Dunite  from  Webster  and  vicinity,  Jackson  County,  N.  C.  Parts 
of  4  photomicrographs  in  ordinary  light,  magnified  20  diameters.  In  the 
upper  left  hand  quadrant,  the  interior  portion  of  the  large  chromite  grain 
crumbled  away  during  the  preparation  of  the  section,  showing  the  octahedral 
parting.  The  chromite  grains  in  the  other  quadrants  show  various  degrees 
of  corrosion.     Thin  sections  No.  W4,  W9,  W22,  W24. 

Figure  3.  Dunite  from  Webster,  N.  C.  A  photomicrograph  in  ordinary 
light,  magnified  18  diameters.  The  large  chromite  in  the  center  of  the  field 
includes  grains  of  fresh  olivine.  The  surrounding  oliyine  is  extensively 
altered  to  yellow  serpentine.    Thin  section  No.  W9. 

Figure  4.  Websterite,  from  the  type  locality  at  Webster,  N.  C.  A  photo- 
micrograph in  ordinary  light,  magnified  10  diameters.  Shows  typical  texture, 
large  plates  of  diopside,  and  occasionally  enstatite,  scattered  through  a  fine 
grained  groundmass  of  the  same  minerals.  The  largest  plate  to  the  right  is 
diopside,  the  smaller  one  to  the  left  is  enstatite.    Thin  section  No.  W2. 

Figure  5.  Enstatolite  (enstatite-rock)  from  Webster,  N.  C.  Parts  of  two 
photomicrographs  in  polarized  light  between  crossed  nicols,  magnified  18 
diameters.  Shows  characteristics  of  the  coarse  bladed  rock.  The  left  hand 
side  shows  the  enstatite  faulted  across  the  cleavage;  the  right,  a  common 
columnar  structure  of  the  enstatite.     Thin  section  No.  W7. 

Figure  6.  Dunite  from  the  Sapphire  mine,  Sapphire,  Jackson  County, 
N.  C.  A  photomicrograph  in  ordinary  light,  magnified  18  diameters.  Shows 
perfectly  fresh  olivine  rock  penetrated  in  every  direction  by  slender  needles 
of  cummingtonite.     (Compare  PI.  XL,  fig.  2).     Thin  section  No.  S3. 
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PLATE  XLIII. 

FiGUBE  1.  Dunite  from  the  Carter  mine,  Madison  County,  N.  C.  A  photo- 
micrograph in  ordinary  light,  magnified  16  diameters.  Shows  fine  grained 
olivine  with  slight  alteration  to  serpentine  along  the  borders.  The  serpentine 
is  filled  with  minute  grains  of  segregated  magnetite,  so  that  the  rock  is  almost 
black  in  the  hand  specimen.    Thin  section  No.  A25. 

Figure  2.  Dunite,  same  as  Fig.  1.  A  photomicrograph  of  the  same  field  in 
polarized  light  between  crossed  nicols,  showing  polarization  of  small  grains 
together  over  large  areas,  representing  the  larger  original  olivine  grains. 
Thin  section  No.  A25. 

FiGUBE  3.  Serpentine  after  dunite  from  1  mile  north  of  Weaverville  and  3 
miles  east  of  Alexander,  Buncombe  County,  N.  C.  A  photomicrograph  in 
ordinary  light,  magnified  18  diameters.  Colorless  and  light  yellowish  serpen- 
tine, in  which  the  outlines  of  the  original  olivine  grains  are  preserved  by  lines 
of  magnetite  granules.  The  last  altered  remnants  of  olivine  are  represented 
by  yellow  central  cores,  which  appear  nearly  black  in  the  photograph.  Thin 
section  No.  A17. 

FiGUBE  4.  Serpentine  after  gedrite  (or  anthophyllite)  from  2  miles  south- 
west of  Alexander  and  one-half  mile  west  of  the  French  Broad  River,  Bun- 
combe County,  N.  C.  A  photomicrograph  in  ordinary  light,  magnified  18 
diameters.  Retains  the  original  radiating  bladed  structure  of  the  ortho- 
rhombic  amphibole.  Patches  of  opaque  whitish,  kaolin-like  substance  appear 
black  in  the  photograph.     Thin  section  No.  A3. 

FiouRK  5.  Gedrite  from  Reems  Creek  three-fourths  mile  above  its  mouth, 
1  mile  southeast  of  Alexander,  N.  C.  A  photomicrograph  in  ordinary  light, 
magnified  18  diameters.  Shows  the  sheaf-like  bundles  of  fibrous  and  bladed 
crystals.     Thin  section  No.  AlO. 

Figure  6.  Gedrite,  same  as  Fig.  5.  A  photomicrograph  in  ordinary  light, 
magnified  12  diameters.  Shows  a  part  of  the  radial  border  of  gedrite  next  the 
inclosing  serpentine.    Thin  section  No.  All. 
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PLATE  XLIV. 

Figure  1.  Dunite  from  Little  Flat  Creek,  1%  miles  north  of  Weaverville, 
N.  C.  A  photomicrograph  in  ordinary  light,  magnified  18  diameters.  Shows 
an  even  grained  sheared  structure,  somewhat  in  contrast  with  PI.  XL.,  flgs.  3 
and  4,  and  PI.  XLI,  fig.  5.     Thin  section  No.  A21. 

Figure  2.  Serpentine  after  dunite  from  Newfound  Creek,  just  below  the 
mouth  of  Dicks  Creek.  3  miles  east  of  Leicester,  Buncombe  County,  N.  C.  A 
photomicrograph  in  ordinary  light,  magnified  36  diameters.  Shows  a  peculiar 
grouping  of  magnetite  granules  about  a  larger  grain,  suggesting  the  influence 
of  magnetism.     Thin  section  No.  A4. 

Figure  3.  Mica-diorite  from  3  miles  southeast  of  Marshall,  N.  C,  three- 
fourths  mile  northeast  of  the  mouth  of  Ivy  River.  A  photomicrograph  in 
ordinary  light,  magnified  16  diameters.  Shows  large  oval  feldspar  grains  with 
small  dark-green  hornblende  laths  about  their  borders.  The  lower  half  of  the 
field  is  chiefiy  biotite.  with  rounded  grains  of  zoisite  to  the  left.  Thin  section 
No.  A40. 

Figure  4.  Serpentine  after  dunite.  Paint  Fork,  Madison  County,  N.  C. 
Parts  of  two  photomicrographs,  the  left  side  in  ordinary  light,  the  right  the 
same  field  in  polarized  light  between  crossed  nicols,  magnified  18  diameters. 
The  darker  spots  in  ordinary  light  are  composed  of  honey-yellow  serpentine 
clouded  with  magnetite  granules,  and  represent  the  last  altered  cores  of 
olivine.  The  light  mesh-structure  in  polarized  light  shows  the  outlines  of  the 
original  olivine  grains.     Thin  section  No.  A31. 

Figure  5.  Anorthosite  from  the  Hayes  mine,  north  slope  of  Sampson 
Mountain,  Yancey  County,  N.  C.  A  photomicrograph  in  ordinary  light,  magni- 
fied 14  diameters.  Shows  zoisite  and  epidote  crystals  (indistinguishable  in 
the  photograph)  scattered  throughout  the  plagioclase.    Thin  section  No.  E7. 

Figure  6.  Anorthosite,  same  as  Fig.  5.  A  photomicrograph  in  polarized 
light  between  crossed  nicols.  magnified  32  diameters.  Shows  a  twin  crjrstal 
of  epidote  in  the  center  of  the  field.  Crystals  of  zoisite  appear  above  and  to 
the  left  below.     Thin  section  No.  E7. 
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